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BREDBURY STEEL WORKS AND ROLLING MILLS 
WOODLEY Near STOCKPORT ENGLAN 


df PHO : WOODLEY 223! (i0 LINES) TELEGRAMS: “MILLS” PHONE WOODLEY 
ju. 6 


NETTLE 


42% Al,O; IN HEARTH, 
BOSH AND INWALL (Jointed 
with Maksiccar Il Refractory 


Cement) 


STEIN GLASGOW 
33/35% Al,O,; IN THE 
STACK 


15 ons im 1 ears acknowledgment { 
working gince the outbreak s to Messrs. Col 
fe pe of the Second world Wat. No. } plast- villes Ltd. { 
gurnace at clyde works, | 
pelonging, to Colville Ltd., 4 
plown out jast wee* for yelining: proauced 
more 1,500,000 ,4ons ot pig iron. 
The furnace was Ht OF May 1939, and t 
\ over the years more than 5,000,000 Of | 
| raw materials were charged into it while 
e | the operatives earned $150,000 in wages: po — 
Fully 3° men were engage? on airect pro- io 
\ auction at the qurnace- During period 
there a complet apsence of serious 
mishaps. or pre onged of 
production. 
No ction ploymens will result ¢rom, she 
‘e shutting gown. as all the men nave peen 
given work on the ing ho or 
in other parts of the wor s- It is noped 
that the will . be ready to 
resume production apout the miadle of 
The Gi 
asgow Herald. Ja a, ; 
nuary 27, 1949 
BONN 
RIDGE, SCOTL | 


Design by Abram Games 


FOX CREEP-RESISTING STEELS 


Creep may be broadly described as the slow rate of deformation that 


fl takes place in materials subjected to stress under high temperature 
conditions. Steels designed to limit such deformation are known as 
4 “* Creep-Resisting’’. This complex subject is lucidly dealt with in 


a booklet entitled “‘FOX CREEP-RESISTING STEELS”, Reference 
SF. 234A, which also gives complete technical data on a number 
of steels developed to meet specific high temperature problems. 


THE UNITED 
If SAMUEL FOX & COMPANY LIMITED 
COMPANIES UP Associated with The United Stee! Companies Limited 


STOCKSBRIDGE WORKS - Nr. SHEFFIELD ENGLAND 


® F. 227 
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The production of high-grade ductile Bessemer steel—whether acid or basic— 
entails the use of molten pig iron with a low sulphur content. The most 
reliable method of controlling this sulphur content is to treat the iron in the 


ladle with dense sodium carbonate. 


IMPERIAL CHEMICAL INDUSTRIES LTD 
LONDON, S.W.1 


METALLURGIA, June, 1949 


Desulphurisation of Bessemer Iron 
4 


THE HALLAMSHIRE STEEL & FILE CO. LTD., SHEFFIELD 3, ENGLAND. 


Telephone : Sheffield 24304 (7 lines). Telegrams :Hallamsteel, Sheffield 
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Although we produce the most reliable 
furnace Electrodes, we are constantly 
striving to raise further the standard of 
quality and uniformity known generally 
to Arc Furnace users for:- 


Low Electrode cost per ton of 


steel made. 


Better roof life. 


Lower power cost. 
Freedom from Joint Breakage. 
Lowest refractory costs. 


Resistance to Thermal shock. 


~ 


Maximum furnace output. 


GRANGE MILL LANE, WINCOBANK 
SHEFFIELD 


Telephone: Rotherham 4836 (3 lines.) Telegrams: “Electrodes” Sheffield 
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ALL GAS FIRED BENCH TYPE FURNACE FOR THE HEAT 
TREATMENT OF HIGH SPEED STEEL 


Size of each chamber 44” wide x 44” high x 7}” long. 
A Temperature up to 1300°C. in 20 mins. 


) Standard Furnaces for a wide range 
of Heat Treatments are designed 


TWO SIZES: 5° wide x 3* high = 9° long } TEM 


12" long) 1000°C. 


HOLYROOD S 
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DENCH FURNACES 
7a » 
ae 
BENCH TYPE GAS FIRED MUFFLE FURNACE IN 
and manufactured by = 
| » LONDON, S.E.! 
7 


Faster 
Cleaner [ with BIRLEC—Northrup 


Better High Frequency Melting Furnaces 
Melts 


High-frequency induction 


melting offers the foundry- 


man unique advantages 
— precise control of 
analysis, freedom from gas 
contamination, ability to 
run varying compositions 
in rapid succession and 
high melting rate for 
efficient utilisation of 
foundry plant and labour. 
Birlec-Northrup induction 
furnaces are available 
for ferrous and non-ferrous 
melting, from laboratory 
sizes up to tonnage- 


production units. 


Send for our 
publication No. 69 


Two BIRLEC - Northrup induction melting installations cre illustrated : upper 
picture — 100 Ib. and 200 Ib. furnaces : lower picture — two | ton furnaces. 


BIRLEC LTD + ERDINGTON - BIRMINGHAM 24 


In Australia : Birlec Limited, Sydney, N.S.W. In Sweden : Birlec Elektrougnar AB, Stockholm. 


el 


There is a Birlec furnace for y SM/B63a 
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And it’s music to the ears of our tool-room foreman. The 
resources of his shop are such that he welcomes the oppor- 
tunity of doing a really quick job on a difficult casting. 
We specialise in making big orders look small. We have also 
made special provision for the mechanised production of 
aluminium alloy castings required periodically in small 
quantities. 

Send your next enquiry to Renfrew. 


NOT TOO BiG: NOT TOO 


WWS 


LHOIW > 
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FOR YOUR CASTING 
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SALES ENGINEERS—AT YOUR SERVICE 


MIDLAND & WALES NORTHERN ENGLAND 
J]. A. K. FERGIE A. J]. HEBDEN 
Tel.: Adderbury, Oxford, 224 Tel.: Shipley, Yorks 51929 
S. LONDON & SOUTHERN N. LONDON & EASTERN 
J. S. THOMPSON E. P. MENDOZA 
Tel.: Uxbridge 1633 Tel.: Edgware 8954 


te assocration with rannnam aovat-suces 
HILLINGTON GLASGOW Tel: HALFWAY 339! 


RENFREW FOUNDRIES LTD 


state 5, 
222 
4 
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POLFORD 
SAND 
CONDITIONING 


for 


RECONDITIONING SANDS 
PREPARING FACING SANDS 
PREPARING HARD SANDS 


An entirely self-contained unit which 
performs the following functions :— 


1. A Magnetic Pulley removes the 
g Y 
scrap from the old sand. 


@ 2. Two Roller Crushers break down 
lumps of old sand. 


3. A Vibratory Screen screens all the 
# sand, the tailings being then re- 
turned and passed over the Mag- 

netic Pulley again. 


@ 4.A Water Meter is provided, so 
that correct amount of water can 
be accurately gauged. 


5. A Mixer Miller thoroughly mixes 
and mills the sand. 


@ 6. The sand is aerated while discharg- 
ing. 
@ 7. Capacities 3 to 15 tons per hour. 


**Polford*’ range cf Foundry Plant and Equipment also includes FURNACES, MOULD 
DRYERS, SAND MIXERS, VIBRATORY SCREENS, SCRAP RECOVERY SCREENS, etc. 


Sole Selling Agents:— 


THO? W.WARD LTD 


ALBION WORKS SHEFFIELD 


TELEPHONE: 26 311 (15 Lines) * TELEGRAMS: ‘FORWARD, SHEFFIELD 
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KENT ALLOY: 


COMPLETE 
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1500-TON HYDRAULIC FORGING PRESS apa 


12 METALLURGIA, June, 1949 


3 ! OT AND COLD ROLLING MILLS 
‘AUXILIARY EQUIPMENT 
. THE LOEWY ENGINEERING COMPANY LTD. 
| STRAND, LONDON W.C.2, 
| 


‘CASSEL’ 


IC] 


concerning 


hard cases 
The conflicting demands of function and 
appearance were brilliantly reconciled by the 
South German armourers of the late 15th 
century. This suit, constructed by the Court 
armourer for the Emperor Maximilian I, 
is typical of their style. Combining strength 
with grace, mobility with unified design, it 


not only fulfilled all the protective require- 


ments, but is a remarkable expression of 


the refined, self-conscious elegance of late 


Gothic art. 


The armourer’s task of reconciling strength and 
grace was similar to the present day problem 
of casehardening steel. The metallurgist re- 
quires a casehardened steel that is both hard and 
resistant to penetration, yet not brittle. These 


qualities are best obtained by casehardening in 


CYANIDE BATHS 


Armour of Emperor Maximilian I, built by Lorenz Kolman 
of Augsburg, about 1475. Kunsthistorisches Museum, Vienna. 

For details of the ‘ CASSEL’ HEAT-TREATMENT SERVICE apply to :— 

IMPERIAL CHEMICAL INDUSTRIES LIMITED 


NOBEL HOUSE LONDON, S.W.1 
C.C.140 
METALLURGIA, June, 1949 13 
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No. 10 


PREPARED BLACKING 


(READY FOR USE) 


The World Famous Mould Wash 
for 
Castings 


No. 7 NON-SILICA STEELMOL 


(For STEEL CASTINGS) 


*‘ALUMISH ” 


FOR 


ALUMINIUM FOUNDRIES 


CEYLON PLUMBAGO 
TERRA FLAKE 


NON-SILICA PARTING POWDER 


ALL FOUNDRY SuUPPLiEs 


JAMES DURRANS AND SONS LTD 


PHOENI 
X WORKS & PLUMPTON MILLS, PENISTONE, near SHEFFIELD 


Telephone : PENISTONE 21 and 57 Telegra 
ms: BLACKING-PENISTONE 
14 
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Hydraulie or pneumatic Servo s : 
imited power: mechanical or electronic 


temperature detection. 


et PRESSURE ORTHE LARGEST 
FUEL-FIRED FURNACES 
BY ELECTROFLO SERIES 


55 AND 65 REGULATORS. 
, 


Extensively ‘employed in steel-works, 
b in the heavy 


industries 


Full on application. 
FULL FLOATING CONTROL 


COMPANY LIMITED 


tdut. of: ELECTROFLO METERS COMPANY LIMITED, ABBEY ROAD, PARK ROYAL, N.W.10 
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Home produc 


Magnesium, the lightweight metal which is only 
two-thirds the weight of aluminium, is abundant in the sea-water 
from which it is obtained. The new ‘ Elektron’’ magnesium-zinc-zirconium and 
ignesi rare earth alloys, are readily cast, extruded, forged or 
welded. They can be more easily machined than any other lightweight metal. ‘‘ Elektron”’ 


Magnesium Alloys, successfully proved in aircraft for over twenty-five years, are also used 
in diesel, petrol and jet engines, for road vehicles, domestic products, office equipment, etc. 


Ample supplies are available. Full technical information promptly given. 


|F. A. HUGHES & COMPANY LIMITED - BATH HOUSE - 82 PICCADILLY - LONDON W.1.. 
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Morganite carbon bearings are unique in needing no 

lubrication of any kind: moreover, they withstand high 

temperatures and corrosive influences. 

For these reasons they are used in many branches of 

engineering, and are expressly suitable for use in Heat 

Treatment Furnaces and Pickling Tanks. 

They resist conditions that are harmful to other bear- 

ings, such as lack of lubricant, the presence of chemical 

liquids or fumes, steam, and cyclic changes of temperature. 

The complete absence of oil or grease is valuable in 

many applications where freedom from contamination is 

essential. 

These bearings are also supplied, for certain applications, 

with the carbon bush inserted in a steel shell. 

THE MORGAN CRUCIBLE COMPANY LTD., 
LONDON, S.W.11. 


product 


E 


18 


E R F ECTA 


Throughout the world Perfecta thermostats are providing 
an indispensable service as part of a wide range of indus- 
trial and domestic gas appliances. From central heating 
plant and hot water systems in large factories to the 
ovens in the local baker’s shop. In metal melting equip- 
ment, ice-cream manufacture and many other industrial 
processes, Perfecta thermostats are unobstrusively but 
effectively doing their job and, incidentally saving fuel. If 
you have any problem of temperature contro! bring it to 


our technicians whose wide experience is at your service. 


Thomas De La Rue & Co. Ltd. 
POTTERTON GAS DIVISION 


Reg. Office: IMPERIAL HOUSE, 84 REGENT STREET, LONDON, W.|I. 


The Thermostat illustrated is 
most reliable and accurate 
and is designed for use with 
all types of gas heated 
industrial equipment. 


NORTH : 4 ALBERT SQ., MANCHESTER. BLACKFRIARS 3258 
MIDLANDS : PORTOBELLO WKS., WARWICK. WARWICK 616 
SOUTH: 20, BUCKHOLD ROAD, S.W.18. VANDYKE 7202 
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Forgings in Hiduminium 


Tested and proved in many applications under wartime conditions ‘ Hiduminium’ forgings, stampings 


and pressings are making equally valuable contributions in peacetime industry. ‘Hiduminium’ provides 


numerous opportunities for those who choose to HIGH 


DUTY 
ALLOYS 


HIGH OUTY ALLOYS LTD., SLOUGH, BUCKS. INGOTS, BILLETS, FORGINGS, CASTINGS & 
EXTRUSIONS IN ‘HIDUMINIUM & ‘MAGNUMINIUM” (Registered trade marks) ALUMINIUM & MAGNESIUM ALLOYS, 


... make light work of with 
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to resist steam 


And to make it strong, hard and free from galling and “‘wire-drawing”. There are 
nickel-containing non-ferrous alloys which will give all these properties at steam 


temperatures. For any given set of conditions, the wide range of alloys available 


provides the right material but necessitates a wise choice. Whatever your problem 


may be, we will gladly give you every assistance in making this choice. 


The Mond Nickel Company Ltd. 


SUNDERLAND HOUSE, CURZON STREET, LONDON, WI 


12/Last 
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ALLOY 
STEELS 


BTAINLESS, HIGH-TENSILE 
SAND HEAT-RESISTING STEELS 


ome 
4 
achining an rawil 
or 
standard Aircraft, Motor 
ing Specifications 
and Engineering i 


«| CONTROLLED ATMOSPHERE HEAT TREATMENT 


f 
HIGH TEMPERATURE gos and sir supplies and 
H A R D £ N I N G P L A N T for control of working temperatures. 


Design ensures ease of working, 
fuel economy and improved product. 


The illustration shows a modern design of Brayshaw Controlled Atmosphere Plant recently installed 
in this country and overseas for the heat treatment of magnets and similar work, and designed for 
precision work where decarburisation and scale must be eliminated. The furnace on the right is for 


pre-heating, whilst the furnace on the left is for the final hardening operation. The furnaces are 


supplied with a controlled atmosphere from the special unit in the background. 


Full details supplied on application. | 


q 
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Mm FURNACES & TOOLS LTD | 
BELLE VUE WORKS MANCHESTER | 
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All the theorising in the world, is answered by the behaviour of 


the electrode when it is in use. Rockweld have built into their elec- 
trodes the latest in research, materials and modern methods. Rockweld 
electrodes are, therefore, unsurpassed in quality and performance, 


their speed in 


CHROMEND B.B. 
For Molybdenum Bearing. 18/8 Steels. 
CHROMEND C. 


For Columbium Bearing. 18/8 Steels. 


production and ease of manipulation. 


LTD 


COMMERCE WAY, CROYDON, SURREY. TELEPHONE: CROYDON 1938, 1939, 8020. 
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A TON OF THRORY? Practicep 
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TRADE MARK 


STAG EXTRA SPECIAL § 


Sine qua non, literally translated, means 
** without which, not.’’ It signifies that 
the truth of a fact depends absolutely 
upon the presence of one or more facts. 
Thus, the sine qua non of cutting efficiency 


is Stag high-speed steels, without which 
cutting efficiency is not perfect. 


These Steels are— 


@®STAG MAJOR (high tungsten-cobalt) for work no other 


steel will touch. 


@ STAG EXTRA (tungsten-cobalt) for difficult and 


exacting work. 


@ STAG SPECIAL (18% tungsten) for the general run of 


work, and 


@® STAG AIR HARDENING (14%, tungsten) where a good 


ordinary high-speed steel is required. 


% Write for folder to. . . 


EDGAR ALLEN & CO, LIMITED. 


‘IMPERIAL STEEL WORKS:-SHEFFIELD.9 
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BRIGHT STEEL 


ROUNDS HEXAGONS - 
SQUARES -FLATS ¢ SECTIONS 


THE 


STEEL C? 


68 VICTORIA ST. 
HALESOWEN LONDON, $.W.1_ VIC. 6992. 
Nr. BIRMINGHAM 8 CHATHAM. ST. 
HALESOWEN 1191 MANCHESTER 1 CEN. 0413 


TUBES 


These special refractory tubes are a new development for 
_ temperatures above the limit of VITREOSIL (1050° C.) and FO R USE AT 
below the range of the imore refractory tubes of FUSED 
ALUMINA, MAGNESIA, etc. 


MULLITE COMBUSTION TUBES «an safely be used at TEMPERATURES 


_ temperatures up to 1500° C. under normal conditions, and 
¥ _ practical tests in large steelwerks’ routine laboratories have ° 
proved them to be eminently suitable for use in electrically ~ UP TO 1500 Cc, 
s heated furnaces for determination of the carbon and sulphur 
Contents In steel at 1200-1300° C. 
Resistant to thermal shock snd attack by iron oxide, and THE THERMAL SYNDICATE LIMITED 


relatively insoluble in most slags and glasses even where the Head ome: 
lime and alkali contents are appreciable, MULLITE COM- - Wallsend, Northumberland. 
BUSTION TUBES are superior to porcelain in all respects. 


Write for descriptive leaflet giving prices. 12-14, Old Pye Street, Westminster $.W.1. 
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FUEL USAGE ANALYSIS 


—a first step to lower prices 


ke IS surprising to find—as the Ministry of Fuel and 
Power is constantly finding—that what could be 
called the “fuel component” in the costs of pro- 
duction of very similar products can vary enormously 
between one maker and another. 


Why does one firm so often use twice as much fuel 
as another? Such variation is surely too great to be 
accounted for by differences in the process or in quantity 

“Management and quality of product. 
Interest”’ is the 


secret It is almost always found that efficiency starts at 


the top. If Management is actively interested in its 
usage of fuel, heat and power—if Management is 
constantly asking questions and listening sympa- 
thetically to its engineers’ suggestions—its influence 
is infectious. From the Chairman’s office all the way 
down to the coal yard, people begin to sit up and 
pay attention. 


It is not enough to know the total amount of fuel, 
heat and power used every day or week or month. 
“Fuel Usage More details should be sought and many more 
Analysis’’—-what questions asked. How much does each department 
it is and how and each process use? Who is too cold and who is 
to start it too warm? Would it be helpful to instal steam- 
meters and thermometers and other instruments— 
and who should be responsible for their regular 

calibration and maintenance ? 


Once Management starts asking itself questions, it 
will begin to achieve results. Some pertinent questions 
are available. Later advertisements in this series 
will direct you to them. 


Issued by the Ministry of Fuel and Power 
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Useful 


Molybdenum Steels 


Data Sheet 3 


SPECIFICATION Nos, TENSILE STRENGTHS AND IZOD VALUES 


FOR CASE-HARDENING AND \ITRIDING STEELS 


FOR CARBURISING 


34 45 40 Test Bar 1$°dia. 
35 55 25 do. do. 
325 55 35 do. do. 
39B 85 25 Test Piece Size 
320 85 25 do. do. do. 

FOR NITRIDING 
45 40 6" 

A | 50 40 6” 

40B 55 40 6" 
| 60 35 4’ 

40C | Higher Tensile’ 

35 45 Izod Values 
applicable 

4l 45 40 up to 

55 35 23° 


*Mechanical properties as agreed between purchaser and manufacturer. 


CLIMAX MOLYBDENUM COMPANY 


OF EUROPE LIMITED 


2 & 3 CROSBY SQUARE, LONDON, E.C.3 


CHOOSING A 


CASE-HARDENING 


STEEL 


The level of core strength 
for the part concerned 
must be decided. 


Case hardness and case 
depth must be known. 
Freedom from distortion 
and good machinability 
are also vital factors. 


Molybdenum-containing 
steels are extensively used 
when these things count. 


In nitriding steels, Molyb- 
denum is an essential con- 
stituent for the highest 
combinations of core 
strength and toughness. 


3 
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of the calibre shown in the illustration above present no problem to 
Messrs. Craven Brothers (Manchester) Limited, who are _ large- 
scale manufacturers of all types and sizes of lathes from 16” to 100° 
height of centres. If you are in the market for a large 
lathe you cannot do better than consult the ‘‘ Craven” 
organisation who will submit a suitable machine from their 
very extensive standard range, or will be pleased to 
develop a design around your own specific requirements. 


CRAVEN BROTHERS 


(MANCHESTER) LTD 


VAUXHALL WORKS, REDDISH 
STOCKPORT 
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THE GENERAL ELECTRIC CO., LTD. MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


METALLURGIA, June, 1949 


Cc FU 
FOR RNACES 
BRIGHT ANNEALING cow ROLLED 
gladly supplied request 
— 


EFCO-LINDBERG CYCLONE FURNACES 


for temperatures up to 750°c. 


UNIFORMITY OF TEMPERATURE AND RAPID HEATING 
HIGH PRODUCTION WITH DENSE OR LOOSE LOADS 
RUGGED CONSTRUCTION 


* Please send for further details 


ELECTRIC RESISTANCE FURNACE 


NETHERBY, QUEENS ROAD, EFCO! WEYBRIDGE, SURREY. 
Telephone: Weybridge 3816 Telegrams: Resistafur, Weybridge, 
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INSTALLATIONS FOR THE 
PRODUCTION OF 


CARBURETTED WATER GAS 
BLUE WATER GAS 
PRODUCER GAS 
HYDROGEN 
SYNTHESIS GASES 


HUMPHREYS & GLASGOW LID. 


HUMGLAS HOUSE- CARLISLE PLACE-LONDON-SW4 Telephone VICtoria 5961 


ESTABLISHED 1892 
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REDUCED PRICES 


LAMPS 


from JUNE Ist, 1949 
GENERAL LIGHTING SERVICE LAMPS 


(Standard Voltages, 200-260 volts) 


COILED COIL (Pearl) SINGLE COIL (Pearl or Clear) 


Revised 
Purchase Tax 
extra 


Watts} ust | New | | NEW LIST 


Purchase Tax 
PRICE PRICE ation PRICE PRICE 


60; 1.6] 1.4 4¢ 
75; 1.8] 1.7 5¢ 
loo; 1.10; 1.8 


Dn OF IN N W Wa 


Announcement of The Genera! Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2 
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AIRCRAFT INDUSTRY 
ALUMINIUM FOUNDRIES 
ARMAMENT: | DUSTRY _ 
‘AUTOMATIC SCALES 
BAKERS 
BEARING MANUFAC RERS. 
‘BRASS FOUNDRIES 
CEREAL FOODS 
__CHAIN MAKER 
CERAMICS 
‘CHEMICA INDUSTRY 
_ CUTLERY MANUFACTURERS” 
DROP FORGINGS | 
“ELECTRICAL APPLIANCES 
GEAR MAKERS. 
GLASS INDUSTRY 
INSTRUMENT MAKERS 
IRON FOUNDRIES. 
_JEWELLERS 
LABORATORIES. 
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FURNACE 
MELTING FURNACES 


KILNS: 


O 
AAA 


-PAINT FINISHING 
PLASTICS _ 
OTTERIES 

~ RAILWAYS 
“SHIP” BUILDERS 

SPRING MAKERS 
STAMPINGS 
STEEL MAKERS 
STRUCTURAL ENGINEERS 

~ TELEPHONE 
“TOOL MAKERS 
TOY MANUFACTURERS 

__ TUBE MANUFACTURERS 

WIRE AND CABLE MAKERS 


v 


2 


THERMIC EQUIPMENT & ENGINEERING CO. LTD. 


ASSOCIATED 


WITH GIBBONS BROS. LTD., DUDLEY 


SALMON ST., PRESTON 
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Continuous Mill Furnaces for high quality Silicon Steel Sheets for an output © 
650 tons per working week, 


Plant Comprises :— 

One continuous twin bar heating furnace and two continuous pack 

reheacing furnaces. Fired by cleaned coke producer gas. 

Chambers aut *y and simul ly charge and dischargt 
themselves and pack furnaces discharge under electrical push-buttor 
control, all furnaces have metal recuperators and special combusticn. 


GIBBONS BROS., LTD., DIBDALE WORKS, DUDLEY, WORCS. Phone: DUDLEY) 
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EVEN IF THE LION HAD NO NAME, FEW WOULD CALL HIM “KITTY” 


(African Proverb) 


The three T.I. Aluminium companies have decided to trade under one name, and a name at that which 
gives an accurate idea of their identity. So Reynolds Rolling Mills Ltd., Reynolds Light Alloys Ltd. and 
The South Wales Aluminium Company Ltd. now have their marketing arrangements united under the 


TI 
Alluminium 


LIMITED 


title of T.I. Aluminium Ltd. This arrangement will simplify 


administration and make for even more efficient production 


of Aluminium and Aluminium Alloy Billets, Ingot, Slabs, 


Tubes, Extrusions, Sheet and Strip. The efficient service 


offered by T.I. Aluminium is in keeping with its name. 

put REDFERN ROAD, TYSELEY, BIRMINGHAM. TEL: ACOCKS GREEN 3333 
Light Alloys Ltd., Reynolds Rolling Mills Ltd., and 

peck ALUMINIUM AND ALUMINIUM ALLOY INGOT, SLABS The South Wales Aluminium Company Ltd. 


BILLETS, SHEET, STRIP, TUBES AND EXTRUSIONS TO ALL A.LD., B.S./S.T.A. AND B.S. SPECIFICATIONS. 
Export enquiries should be addressed to T.I. (Export) Limited, 21-23 High Street, Birmingham, 5 
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4 FLAME SPINNING * %* IN FINE SHAPE! 
This new process enables steel to be shaped as easily as wood on a lathe. A steel tube is set in the Flame 
y Spinning machine and rotated at speed. An oxy-coal gas flame plays on the tube while it is spinning, and 
h the end is tooled into shape. The illustration shows the end of 6-inch tubing being prepared for use in 


Ae 


dust and soot extractors in large ships’ funnels and chimney stacks. The even cone shape which results is 
clearly shown in the inset. One more example of the widespread use of B.O.C. processes in Industry today. 


THE BRITISH OXYGEN CO LID 
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AIR CIRCULATING FURNACES 


. ACCURATE IN ALL THE WORKING SPACE TO .5 DEG. C. 


A HIGH CLASS TREATMENTS FURNACE 
Top Loader Type for Steel Forgings and Pressings 
WORK-BASKET 3 ft. x2 ft. x2 ft. IN HEAT RESISTING STEEL 
MAXIMUM LOAD—ONE TON PER CHARGE 
NORMALISING 900° C.— 


TEMPERING STEELS— 
ANNEALING FOR SOFTENING ALLOY STEELS 


Jj. L. S. ENGINEERING Co. Ltd. 
KING’S NORTON, BIRMINGHAM Phone: KING’S NORTON 1824 
Designing Engineers, Patentees and Manufacturers 
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.RAMOUNT CONSIDERATIONS: “Sound 
with controlled - grain-flow; 


METH WIC K DROP FORGINGS LTD 


SMETHWICK AND KIDDERMINSTER. ENGLAND. 
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IMMADIUM 


HIGH DUTY BRONZES 


CROTORITE 


MINIUM BRONZES 


ROLLED~ 
BARS~ 

| AND 
TUBES 


To comply with standard specifications 
for non-ferrous bronze alloys 


THE MANGANESE BRONZE & BRASS coy. LID 


HANDFORD ‘WORKS, TF IPSWICH TELEPHONE:IPSWICH 2127 TELEGRAMS “BRONZE IPSWICH" 
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SWITCHGEAR 


OIL-BREAK - AIR-BREAK - AIR-BLAST 


AIR-BREAK 
TRUCK 


(OIL-LESS) 


Class ‘Ad 21’ 


at 
600/660 
VOLTS 


FULLY-TESTED FOR 
SHORT-CIRCUIT DUTY 


Hand, Solenoid, or Spring 
operated Breaker. 
Arc duration approximately 


one half-cycle at 100% rating. 
aa Silvered contacts — Long Life. 


BRITISH THOMSON-HOUSTON—_ 


THE BRITISH THOMSON-HOUSTON CO. LTD. WILLESDEN, ENGLAND 


ANTI 
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This illustration shows the front cover of a newly-produced Brochure 

giving full details of the world’s first all-Aluminium Bridge. A copy will 

be sent en request to those interested in the use of Aluminium for 
structural purposes. 


THE BRITISH ALUMINIUM CO LTD SALISBURY HOUSE LONDON EC2 
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MAKING SURE OF 
Austin DEPENDABILITY 


The HOMOCARB system of gas carbur- 
ising ensures certainty of good results. 
HOMOCARB fluid is ‘cracked’ in the 
furnace to produce dependable and 
controllable analysis. This gas is forced 
through the load in all directions, under 
close time and temperature regulation, 
ensuring precise results batch after 
batch. The equipment operates elec- 
trically throughout. 


THE INTEGRA CO. LTD. 


(INCORPORATED IN BELGIUM) 
REPRESENTATIVES & MANUFACTURING 
LICENSEES OF THE LEEDS & NORTHRUP CO. 


183 BROAD ST., BIRMINGHAM I5 


Machine? 
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( LIGHTWEIGHT LYRICS -) 


Number Eleven 


HERE IS A PICTURE OF LILIAN LENE, 
As horrid c witch as ever was seen. 

Up in the air she flies with a zoom, 
Seated astride her 20-horse Broome ! 


Though magical means may help her to make off, 
She certainly would’nt be able to take off 

If she were not built, like the rest of her kind, 
Without surplus weight to cause dragging behind ! 


“MAGIC ”’ is a word that is sometimes used by surprised, but delighted, 
buyers of TJP aluminium alloys. The new customers, we mean. The old 
ones gave up being surprised long ago! What does amaze our more 
recent friends is the unvarying reliability and consistency to specification 
which they meet with in every consignment. But there’s really no magic 
about it. It’s simply the patience we bring to the work we do. Everything 
produced at PRIESTMANS’ is treated with extreme care from start to 
finish. Every TJP aluminium alloy is subjected to rigorous chemical and 
physical tests at each stage in its production. Fussy we may be, but we 
know a lot of people who have profited mightily by our policy, at no extra 


expense to themselves. Why not join them ? 


BIRMINGHAM, "PRONE: VICTORIA 2581-8 
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The road to recovery in home 
and export needs calls for 
Britain’s best in every sphere. 
Dunelt Hollow Steel Bars and 
other steel specialities will serve the 
nation as faithfully now as in the 
past critical years. Smooth symmetry 
of bar and hole, and superb, consistent 
quality of steel are features appreciated 
by all who use Dunelt Hollow Steel Bars 
in their multitudinous applications. The 
range of sizes, shapes and steel types covers 
all engineering needs. Other high quality 
steels, heat treated or untreated in black 


or bright finishes, and _ selected steels to 
the usual standard requirements. 


STEEL BAR 


o DUNFORD & ELLIOTT (SHEFFIELD) LTD., ATTERCLIFFE WHARF WORKS, SHEFFIELD, 9 
| London Office: 54, Victoria Street, S.W.1. Birmingham Office: 25, Burlington Chambers, 118, New Street 
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10% COBALT HIGH SPEED STEEL 
PRECISION GROUND TO ENSURE 
PERFECT FIT IN TOOL HOLDER 


HARDENED AND TEMPERED READY 
FOR GRINDING TO SHAPE 
EACH TOOL-BIT TESTED AND 
GUARANTEED TO A_ STANDARD 
DEGREE OF HARDNESS 


“TENCO” TOOL BITS ARE MADE 
IN STANDARD LENGTHS AND 
FROM *” TO 1” SQUARE 


REASONABLE DELIVERIES CAN BE GIVEN 


+ + 


BAND SAN DE RSON CIRCULAR 

COLD SAWS. | CUTTERS. 

SAWS: SANDERSON BROS & NEWBOULD HACKSAWS. 
ATTERCLIFFE: WORKS, SHEFFIELD 
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Theseus 500-hour endurance test ~ 


and 
HARPER 
CASTINGS 


A, a cpe 
and 


arper- 


The success of this test, the most arduous ever 
completed by any aero-engine anywhere, is a tribute 


not only to the propeller turbine unit as a whole, 

but to every component part which endured 21 days Vi h : 

of almost continuous running. ee anile 
The Harper castings for the pump casings proved, ° 

on stripping down, to be in_ perfect condition, Castings 


demonstrating the suitability of high-grade cast iron 


for heavily stressed components. EX: 
JOHN HARPER & CO. LTD JOHN HARPER (MEEHANITE) LTD Ton 


ALBION WORKS - WILLENHALL 


PHONE: WILLENHALL 124 (Sines) GRAMS: HARPERS, WILLENHALL London Office : CHANDOS HOUSE, BUCKINGHAM GATE, S.W.1 Tel. Abbey 3184 
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Trumpet Bells, Guides and Bottom Guide Tubes form the tubular 
refractory lining of the cast iron casing, which guides the stream of molten 
metal from the ladle to the centre or distributor brick on its way to the 
ingot moulds. 


Latest production methods and control ensure the right qualities in 
every piece. Continuous research and development to improve such products 
is part of our policy. 


METALLURGIA, June, 1949 


wile 
2 
SSTORRS BRIDGE WORKS OXLEY, 
P HEFF p 43004 G RAMS MA RSHA AEE... XLE s FFIELD ape 
184 


here’s a tip worth 
having... 


thanks to 


ELECTRONICS 


see is a way in which H. F. Heating reduces 
cost and directly aids the production drive — brazing carbide 
cutting tools capable of making heavy cuts and speeding output. 
This is only one of the many ways in which induction and 
dielectric heating is helping British manufacturers beat pro- 
duction snags and improve quality. 


Soldering, annealing and tempering, case harden- 
ing, powder metallurgy, dehydration, sterilisation, preheating 
moulding materials, thermoplastic welding, adhesive setting 
are just a few of the ways in which an Airmec Electronic Heat 
Generator can be used to reduce cost. Have you thought about 
this method for your plant? List GAI57 explains fully the 
high standards reached in our equipment. 

We will gladly send you a copy and follow it with 
advice on any production problems you may care to raise. 
Please do not hesitate to ask. 


A AMER 


AIRMEC LABORATORIES LTD - High Wycombe, Buckinghamshire, England. 
Telephone : High Wycombe 2060 Cables : Commlabs 


INDUSTRIAL ELECTRONIC EQUIPMENT & TEST GEAR 


MANUFACTURERS OF ALL TYPES OF 
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Steel castings are the big feature of Jarrow Metal Industries 
Ltd.“ Here the very latest technique using modern electric 
furnaces is employed. Of high tensile strength and good 
ductility, our steel castings are noted for their cleanliness and 
machineability. Laboratory-controlled castings up to 40 tons 
in weight are produced to meet the requirements of all major 
industries. Our Technical Department will be pleased to 
co-operate on your casting problem. 


JARROW METAL INDUSTRIES LID 


WESTERN ROAD, JARROW-ON-TYNE. 


Associated with: 
SIR W. G. ARMSTRONG WHITWORTH ARMSTRONG WHITWORTH & CO. 
& CO. (Ironfounders) LTD., (Pneumatic Tools) LTD., 
Close Works, GATESHEAD-ON-TYNE. Close Works, GATESHEAD-ON-TYNE. 
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The Exhibition appeals to practically 
everyone in the Engineering and 
Marine worlds, particularly to those 
interested in :— 


Acetylene Gas, Automobile Engineer- 
ing, Cables, Cast lron, Chemical Plant, 
Civil Compressed Air, 
Diesel Engines, Electrical Engineering, 
Engineering Tools, Food Machinery, 
Gas Engineering, Heating, Hydraulic 
Engineering, Illumination, Industrial 
Chemistry, Industrial Gases, In- 
dustrial Instruments, Iron, Laundries, 
Locomotives, Lubrication, Marine 
Engineering, Mechanical Engineering, 
Metals, Model and Experimental 
Engineering, Naval Construction, 
Navigation, Oil Burning Plant, 
Plastics, Production Engineering, 
Public Cleansing, Radar, Refrigera- 
tion, Rubber, Sanitary Engineering, 
Structural Engineering, Steel, Ship 
and Boat Building, Surveying, Ventila- 
tion, Vitreous Enamelling, Welding, 
X-Ray. 


Il a.m. to 9 p.m. 
Admission (including Tax) - - 
ORGANISERS:- . 


BRIDGES SONS LTD. 


GRAND BUILDINGS , TRAFALGAR SQUARE, LONDON, WC.2 
Telephone No. Whitehall 0568-9 


iam im 


Our specialised knowledge is offered 
to you in the supply of Castings from 
a few ounces up to 5 tons——— in 


PHOSPHOR BRONZE 
GUNMETAL 
MANGANESE BRONZE 


ALUMINIUM BRONZE 
(Tensile Strength 45 tons per sq. in.) 


ALSO 


Light Alloy Castings + ‘BIRSO’ Chill-Cast 
Rods and Tubes + Centrifugally-Cast 
Worm-Wheel Blanks Ingot Metals 
Phosphor Copper * Phosphor Tin 
Precision Machined Parts ~- Finished 

Propellers etc. 


Fully approved by Admiralty and A.I.D. 


B1084 


BIRKETT & SONS. LT 
_HANLEY- ‘STAFFS 


in with 


BILLINGTON NEWTON LTP 
LONGPORT, STOKE-ON-TRENT 


Longport ‘Phone: Stoke-on-Trent 873034 &88/47 
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The British Journal of Metals 


(INCORPORATING THE METALLURGICAL ENGINEER) 


paid for at the usual rates. 


Readers are invited to submit articles for publication in the editorial pages; photographs 
and/or drawings suitable for reproduction are especially welcome. 


Contributions are 
We accept no responsibility in connection with submitted 


manuscript. All editorial communications should be addressed to The Editor, ‘* Metallurgia,”’ 
31, King Street West, Manchester, 3. 
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Export Conditions Chang ing 
Opposition to Principle of Steel Bill .. 


The Empire Mining and Metallur - 


The Preparation and Some Drepetios 

of Ductile Titanium. By H. W. 
Worner, M.Sc... .. 
An account is given of the preparation ov 
ductile titanium from Australian raw 
materials. The chief metallic impurities 
were iron, magnesium and lead, but the 
two latter impurities could be practically 
eliminated either by melting the titanium 
in an argon atmosphere or by heating to 
1,000° C. for several hours. 

Welding High Pressure Air-Vessel 
Assemblies. By K. G. Lewis, 
M.Sce., F.R.LC., F.1M. 

A review is given of the metallurgical and 
mechanical considerations of materials 
used in the manufacture of high pressure 
air-vessel assemblies and of the methods 
of assembly, with special reference to the 
austenitic welding of low-alloy steels. 
The pulsation form of pressure test is 
described and the results of pulsation tests 
on a series of air-vessel assemblies are 


recorded. 


Correspondence—Copper ant 


The Iron and Steel Institute .. .. 
The work presented at the recent annual 
general meeting and the discussions at 
the technical sessions are summarised, 


Liverpool Metallurgical Society .. .. 

The Addition of Tungsten to Cast Iron. 
By J. E. Hurst, D.Met., F.1.M. 
Reference is made to the influence of 
tungsten as an alloying element in cast 
iron ; apart from enhanced mechanical 
strength, ihe increased elastic modulus, 
as the tungsten increases, is worthy of 
note. 
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Of recent years new developments in the design and construction of steelworks 
equipment have enabled Britain’s steel industry to lead the world in record outputs, 


Wellman equipment incorporating the latest improvements in design and construc= 
tion is operating in all the largest and most efficient steelworks in the United Kingdom, 


and has contributed in a considerable measure to the record production achieved. 


WELLMAN SMITH OWEN ENGINEERING CORPORATION LIMITED 
. PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, SOUTH STAFFS. 


; 
A.600-ton Wellman 
/ Metal Mixer sup- 
plied. to a large 
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Export Conditions Changing 


HE recent trading figures are an indication of 

some of the difficulties exporters in particular 

will have to face sooner or later. They show that 
sales abroad were the lowest since last September and 
£224 million lower than the record figures for March. 
At the same time the trade gap rose to the highest since 
April last year. The figures proved to be a shock to many, 
but they really foreshadow new conditions of trade 
which have been expected by responsible industrialists 
for a long time and should not cause undue alarm. The 
fact is that, as a result of shortages, manufacturers have 
enjoyed a sellers-market for so many years that they tend 
to become despondent when they are called upon to 
compete for trade. Adjustments are obviously nec- 
essary to meet normal competitive conditions. 

It is true there are several features in the world’s 
markets that do not help the situation. In the United 
States the considerable increase in the numbers unem- 
ployed, the fall in the production index and further 
cutting of retail prices, are indications that a recession 
is steadily developing: a sharp decline in demand 
experienced by International Nickel in Canada ; further 
import restrictions imposed by South Africa ; complica- 
tions arising in Berlin ; and growing signs of unrest at 
home, particularly in connection with transport ; are 
disquietening and increase the problems of the exporter. 
Manufacturers, however, can now expect fluctuations in 
world demand for British goods and equipment similar 
to those with which they were accustomed to before the 
war. It will be appreciated that all producing countries 
have made great progress, and with America’s great 
industries continually seeking new outlets and with 
German and Japanese competition developing, British 
manufacturers will depend more and more on the 
competitive quality and price of their goods. 

It is good news that the prolonged negotiations with 
Argentina have been saved from collapse. There has 
been a compromise, as there usually is when bargaining, 
and Argentina has secured a reasonable increase in price 
for her meat ; in return she will get from this country a 
number of commodities she could not get elsewhere, 
including petroleum supplies for which Britain will 
need to pay dollars. It would have been a calamity had 
negotiations broken down, as was at one time feared, 
because the economics of the two countries are com- 
plementary ; each produces what the other needs. 
Unfortunately, however, the agreement has been 
arranged practically on a barter bases, since neither 
country will permit the building up of a trade balance. 
It is presumed, of course, that the agreement does not 
interfere in any way with the proposed arrangement 
with Australia. 

Although it is generally assumed that, with the 
gradual ending of the sellers-market, world trade is 
moving against Britain, it should be recognised that 
more normal conditions of trade, in which competition 
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plays so active a part, was bound to come. The fact 
that we are experiencing great difficulty in selling our 
products, in Canada for instance, against fierce United 
States competition should make our manufacturers think 
seriously with a view to improving quality or reducing 
prices. Sir Stafford Cripps has expressed the opinion on 
exports that our selling prices are too high and argues 
that they should be cut by reducing profits. The 
suggestion is not new: manufacturers were only too 
familiar with this method when trade was difficult 
between the wars and expert salesmanship was necessary. 
The need for expert salesmanship is again pressing and 
since the United States has made substantial cuts in 
prices, especially to capture the Canadian market, British 
manufacturers will doubtless adopt the sam? method. 

Reducing profits, however, is only one of many ways 
by which prices can be reduced and not all depend on 
what the manufacturer can do. A number of industries 
must obtain the necessary raw material from or through 
the Government and, in addition to tardiness of deliveries, 
prices are frequently in excess of the world prices. This 
applies particularly to raw cotton and to the more 
important non-ferrous metals. It has been stated that 
the Ministry of Supply has incurred heavy losses through 
bulk purchases of lead, zinc and copper from the United 
States, Canada and Mexico. It is understood also that 
the Ministry bought thousands of tons of German lead 
and Belgian zinc about three months ago, when prices 
were at their peak ; the value of these metals has since 
slumped. The price of coal is high and if the quality is 
compared with that available between the wars it is 
exorbitant, even for these times. And taxation, which 
must be borne by industry, is probably higher than that 
of any of the big producing countries competing with 
Britain for world markets. Her great schemes to 
improve general educational facilities, raise the standard 
of living, help the sick and aged, reduce working hours 
and bring about better working conditions, were a heavy 
burden on industry when manufacturers could sell any- 
thing they produced, but with keen competition for 
markets their effect is intensified. 

The President of the Board of Trade, Mr. Harold 
Wilson, has called upon British manufacturers to go all 
out in a new Canadain export drive, following his flying 
tour of that country. He has emphasised what Britain 
must do to secure a balance of payments and close the 
dollar gap. Prices must be carefully examined and 
deliveries given first priority. In particular he points 
out, what we have mentioned in these columns on several 
occasions, that markets must be examined at first hand, 
by responsible authorities, and contacts made with 
potential buyers. He tells us that Canada wants heavy 
engineering equipment, agricultural equipment, machine 
tools, consumer goods of all kinds, and_ television 
apparatus. Competition for orders will be severe, but 
our manufacturers are not without experience of the 
problems that arise and doubtless will enter into negotia- 
tions that will result in improved overseas trade. 
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Opposition to Principle of Steel Bill 


HE iron and steel industry reaffirmed its fundamental 
opposition to the principle of the Iron and Steel 
Bill when the President of the British Iron and Steel 
Federation, Sir Ellis Hunter, in the course of an interview 
recently, recapitulated the five objections to the Bill. 

The Bill, he said, would cut the industry and its 
voluntary organisations into two watertight compart- 
ments, one publicly owned and one privately owned. By 
expropriating 100 iron and steel firms the Government 
would abandon its impartial position of supervisor of 
500 such firms which was of proved value. 

The Corporation would take over all the activities of 
the 100 firms, including many far removed from iron and 
steel manufacture—the manufacture of floating docks, 
locomotives, umbrella frames and ink, for example, not 
to mention some 30°, of Britain’s constructional 
engineering capacity for bridges, power stations and the 
like and many valuable subsidiaries abroad. 

The Bill would give the new Corporation power to 
take in any of the activities listed in the Memoranda of 
Association of any of the nationalised companies. Any 
company worth its salt sees to it that it has power to 
enter any field in which it could conceivably be interested 
and this provision, in effect, gives the Corporation a 
blank cheque to do what it likes—shipbuilding, brewing, 
underwriting and newspaper production are only a 
handful of concrete examples specifically referred to in 
existing memoranda of association, but still further in a 
typical case the company has power to :—‘‘ Carry on in 
addition to the said trades and business any other trade, 
business or employment manufacturing or otherwise 
which may seem to the Company capable of being 
converiently carried on either in connection with or in 
addition to any business hereby authorised or otherwise 
calculated directly or indirectly to enhance the value of 
or render profitable any of the Company's property 
rights or business for the time being.”’ 

The Corporation would have a monopoly of crude steel 
production. It would, therefore, control both the volume 
and the price of the raw material supplies of its com- 
petitors and would be under constant temptation to 
subsidise its sales of finished products by charging a 
higher price for crude steel—and there would be no 
impartial supervisor to ensure equitable treatment 
between publicly and privately owned users of iron and 
steel. Owing to the shifting of the risk factor on to the 
back of the taxpayer, the Corporation would be able to 
raise new capital at artificially low rates. 

By centralising ownership, the Bill must remove from 
managements the sense of full responsibility for the 
success or failvre of their works and their proper develop- 
ment, which, in the last resort, arises out of the fact that 
the firms are financially independent units. 

Discussion in the House of Commons had failed to 
deal with these five points or to show any constructive 
ground for the introduction of the Bill which has the 
effect of destroying the partnership which, for a number 
of years, had existed between the Government and the 
Industry. Under this arrangement, public supervision 
by the Board zepresenting consumers, labour and 
management, had guided the general policy, while the 
industry itself had been successful in advancing rapidly 
a major development plan and in securing record levels 
of steel production. 

It was clear from the Minister’s statement in the 
Third Reading Debate that he recognised the value of 


the existing organisations; of the Federation, the 
Research Association and the commercial organisations 


for securing materials. There was no suggestion in the 
Bill for any improvement in the running of the industry. 
The Minister also referred in the same speech to the 
failure of the Industry to submit suggestions to the 
Government about any improvement to the Bill. The 
Federation have, in fact, taken the proper constitutional 
course in suggesting to the Opposition constructive 
amendments which might obviate some of the worst 
features of the Bill. Many of these suggestions, however, 
even though adopted by the Opposition, were never dis- 
cussed in the House of Commons owing to the operation 
of the Guillotine. However much the worst features of 
the Bill are modified it is the Industry’s view that by its 
very nature it cannot satisfactorily replace the existing 
arrangements for ensuring the further progress of the 
Industry in harmony with the interests of the nation. 


Fourth Empire Mining Congress 

IXTEEN countries of the British Commonwealth, 

including Canada, Australia, New Zealand, South 
Africa and India, and 11 other countries, including the 
U.S.A., are to be represented at the Fourth Empire 
Mining and Metallurgical Congress to be held in Great 
Britain from July 9 to 23 this year. About 600 dele- 
gates and members will attend the Congress in London 
and 300 will take part in the technical sessions in Oxford 
and visit various centres in England, Scotland and Wales. 

The Congress, which is convened by the Empire 
Council ef Mining and Metallurgical Institutions, was 
first held with support of the Governments of the 
Empire at the Empire Exhibition, Wembley, in 1924, 
and was so successful that it was decided that it should 
be triennial. The Second Congress was in Canada in 
1927 and the Third in South Africa in 1930. Economic 
conditions led to the abandonment of tne projected 
Fourth Congress in Australia in 1933 and it was not then 
possible to organise it until after the war. 

The chief object of the Congress is to enable scientists, 
engineers and others concerned in the mining and 
metallurgical industries to discuss technical progress and 
problems, including the development of the mineral 
resources of the Commonwealth. The Honorary 
President is the Prime Minister, Mr. Attlee, and the 
President is Sir Henry Tizard, Chairman of the British 
yovernment’s Advisory Council on Scientific Policy. 

Forty papers will be presented and discussed at 
sessions in the debating hall of the Oxford Union from 
July 13 to 16, the subjects covering mineral resources, 
modern methods of prospecting (including aerial survey), 
the effects of heat and humidity on workers in deep 
mines, petroleum production, coal mining, mineral 
dressing and metallurgical research, development and 
fabrication. 

“The Metallurgical and Mining Aspects of Atomic 
Energy ”’ is the subject of an evening lecture in Oxford 
by Sir John Cockroft, Director of Research on Atomic 
Energy, Ministry of Supply; Dr. Charles Camsell, 
Canada, is to lecture on ‘* Miners as Pioneers”; and 
Dr. W. Hume-Rothery, lecturer in Metallurgical 
Chemistry, University of Oxford, on ‘The General 
Theory of Metals and Alloys.” 

After the Oxford sessions, the delegates and members 
will split into four parties for visits to industries and 
places of interest centred on Cardiff, Cornwall, Edin- 
burgh and Newcastle-upon-Tyne. 
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The Preparation and Some Properties of 
Ductile Titanium 
By H. W. Worner, M.Sc. 


An account is given of the preparation of a ductile grade of titanium by a modification 
of the Knoll process in which no protective atmosphere of helium was needed. Australian 
raw materials were used. Each particle of titanium powder produced was porous, 
suggesting that the metal formed as a sponge-like mass during the reduction reaction. 
The chief metallic impurities were iron, magnesium and lead, but the two latter impurities 
could be practically eliminated either by melting the titanium in an argon atmosphere or by 
heating to 1,000 ° C. for several hours, the pressure being not greater than 10-4 mon. 
mercury. 


Introduction 
Te work to be described in this paper arose out 


of the necessity to make titanium for investiga- 

tions into the structure and properties of the 
metal and its alloys. The aim was to prepare metal of a 
degree of purity suitable for exploratory research. The 
investigations of Kroll' and the United States Bureau of 
Mines* had indicated that such a grade of metal could be 
made by a process developed originally by Kroll. The 
main step in this process consisted in the reduction of 
titanium tetrachloride with magnesium at about 900° C. 
in a protective atmosphere of helium. 

Except for the fact that the use of helium was involved, 
the Kroll method appeared suitable for the production of 
titanium needed for preliminary research in Australia. 
It was, therefore, decided to ascertain whether sufficiently 
pure titanium could be made by a modification of the 
Kroll process in which no protective atmosphere of 
helium was needed. In addition, there was the interest- 
ing question as to whether a ductile grade of titanium 
could be made easily from Australian raw materials. 
Having regard to this latter point, it was decided to start 
with a commercial grade of titanium tetrachloride which 
had been made by chlorinating Australian rutile sand 
on a large scale. 


Purification of Titanium Tetrachloride 


The content of impurities dissolved in the crude 
titanium tetrachloride was not known with any certainty. 
However, it was considered advisable to work out a 
method of purification which would eliminate the 
following: Oxychlorides of titanium, vanadium and 
phosphorus, hydrogen chloride, chlorine, silicon tetra- 
chloride and ferric chloride. 

Simple fractional distillation proved unsatisfactory 
because it yielded distillate of yellow colour which was 
probably due to the presence of ferric chloride and 
vanadium oxychloride. To ensure elimination of these 
impurities, the crude titanium tetrachloride was digested 
with scraps of sheet copper at 136° C. for 20 mins. prior 
to the commencement of distillation. The distillation 
product was then clear and colourless and practically all 
of it distilled over at 136°C. at normal pressure. The 
first small fraction which left the fractionating column 
at a few degrees less than 136°C. was rejected. The 
recovery of purified titanium tetrachloride was approxi- 
mately 90°, (by volume) of the crude liquid. 


*An Officer of the Physical Metallurgy Section, Council for Scientific and 
Industrial Research, Baillieu Laboratory, University of Melbourne, Australia. 
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An all-glass assembly of flask, fractionating column, 
McIntyre stillhead and condenser was used for both the 
digestion with copper and the distillation. During the 
digestion, the “* take-off ’’ cock in the McIntyre stillhead 
was kept closed so that the condenser acted as a reflux 
unit. At the completion of the digestion, the ‘* take-off ” 
cock was opened and distillation proceeded. Undried 
air was not allowed to enter the distillation equipment. 
A “breathing” tube containing calcium chloride 
desiccant was always connected to the upper end of the 
condenser. 

Contact between the distillate and the atmosphere 
had to be prevented so that there would be no contamina- 
tion of the titanium tetrachloride with hydrolytic 
products derived from atmospheric moisture. In view of 
this and in order to minimize handling problems, it was 
found best to collect the purified titanium tetrachloride 
in a carefully dried, calibrated glass vessel from which 
the liquid could later be conveniently introduced into 
the reduction unit. Prior to the commencement of 
distillation, the calibrated glass vessel (S in Fig. 1) was 
warmed and pumped out to a pressure of approximately 
0-1 mm. mercury. Then air was allowed to enter the 
vessel through a “ breathing ”’ tube (T in Fig. 1) contain- 
ing fresh calcium chloride desiccant. The ** breathing ” 
tube was left in place during subsequent use of the 
calibrated vessel. 

Ordinary stoppered glass bottles or carboys proved 
unsuitable for storing purified titanium tetrachloride 
for periods longer than two or three days. When 
stoppered glass vessels were used, contamination of the 
distilled tetrachloride occurred, presumably as result 
of :— 

(a) Entry of moist air into the bottles due to tempera- 

ture changes during storage. 

(b) Particles of solid hydrolytic products dropping 
into the liquid from the neck and stopper of the 
vessel. 

A vacuum distillation test served to indicate the 
presence of an appreciable concentration of dissolved 
hydrolytic products in one batch of distilled titanium 
tetrachloride which had been stored in stoppered glass 
bottles for only a few weeks. 


Cleaning of Magnesium 


Pieces of ingot magnesium were used for reducing the 
titanium tetrachloride. The comparatively thick oxide 
skin on the ingots was removed by treatment in dilute 
hydrochloric acid (one volume of commercial purity 
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hydrochloric acid with three volumes of water) for 
about }-} min. After rinsing, the pieces of magnesium 
were dried in a stream of warm air. They were stored 
in dry air prior to use. 


Reduction Vessel and Auxiliary Equipment 


At first, an attempt was made to produce ductile 
titanium in equipment which had been used by Hanna 
and the author to make titanium powder for gettering 
mixtures.* The method described by Hanna and Worner* 
was followed, except that :— 

1. The steel reaction vessel was cleaned by heating 

in hydrogen before use. 

2. The reduction vessel was pumped down to about 
0-05 mm. mercury pressure before commencing 
the introduction of the titanium tetrachloride. 

A ductile grade of titanium was made in the first trial. 
However, the metal was hard (Vickers hardness of 260-— 
270) and was not as ductile as titanium made by Kroll 
(ef. ref. 1). It seemed likely that the metal had been 
contaminated with gaseous impurities. Actually, it was 
found that a fine crack had formed in the weld at the 
base of the reaction vessel and that this crack would 
have allowed an appreciable leakage of air during the 
reduction operation. Earlier experience had indicated 
that such microscopic cracks developed rather fre- 
quently in the welded joints of the heat-resisting steel 
reaction vessel. To overcome this problem, a double- 
walled reaction unit was developed with provision for 
maintaining a vacuum between the outer envelope and 
the reaction vessel proper. 

The assembly of the reaction unit and its appurten- 
ances is illustrated in Fig. 1. The reduction vessel (A) 
was fabricated from low-carbon steel by arc-welding. 
Attached to the neck (B) of (A) were a steel radiation 
baffle (E), the flange (C) and a smaller flange for coupling 
the flange (G) of the mild-steel inlet tube (F). The 
flanges (C) and (G) were provided with soldered copper 
coils for water cooling. 

The heat-resisting steel outer vessel (D) was water 
cooled at the top. A flat rubber gasket provided a 
vacuum seal between the flange on (D) and the flange 
(C). By connecting a mechanical vacuum pump at 
(M), a pressure of the order of 0-01 mm. mercury could 
easily be maintained between the reduction vessel and 
the outer envelope. Thus there could be no serious 
leakage of air into (A) even if fine cracks did develop 
in the welded joints of (A) and (D) during a reduction 
“ampaign. 

The side tube near the top of (B) was connected to the 
vacuum taps (K) and (L), the latter being a two-way tap. 
At (H), there was a connection to a mechanical vacuum 
pump via a drying trap. (1) was connected to a mercury 
manometer and (J) to a supply of hydrogen. The mech- 
anical vacuum pump connected at (M) was protected 
against vapours by means of the trap (N) which was 
cooled in a mixture of acetone and solid carbon dioxide. 

Forming part of the glass connection (O, P) at the top 
of (F) was a tube (P) containing a jet which facilitated 
approximate control of the flow of titanium tetrachloride 
from (S) into (A). The upper end of (O) was slightly 
domed, making a small window for sighting down into 
the reaction chamber. 

Prior to use, the rubber tube connecting the glass out- 
let tube (R) of vessel (S) to (P) had been digested in 
warm titanium tetrachloride, rinsed in concentrated 
hydrochloric acid, then water, and thoroughly dried. 
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Fig. 1.--Sectional drawing illustrating the assembly of 


the main parts of the reduction equipment. 


pump for A. 


corporating sighting 
window. 


A. Steel reduction vezsel. 1. Connection to mano- P. Glass tube with jet. 
B. Neck of reduction meter. Q. Pinchcock. 
vessel. J. Connection to hydro- R. Glass tube outlet 
C. Flange on B. gen supply. from S. 
D. Heat resisting steel K. Vacuum tap. S. Calibrated reservoir 
outer vessel L. Two-way vacuum tap. for titanium tetra- 
E. Radiation baffle. M. Connection to vacuum chloride. 
F. Steel inlet tube. pump for CD. T. Breathing tube (with 
G. Flange on F. N. Vapour trap. calcium chloride). 
H. Connection to vacuum ©. Glass coupling in- U. Nichrome resistance 


furnace. 


The rubber bungs connecting (O) to (F) and (R) to (S), 
respectively, had been similarly treated. The purpose of 
these treatments was to minimise the risk of the titanium 
tetrachloride acquiring impurities by contact with 
rubber. 

Cleaning the Reaction Vessel 


It was necessary to remove scale and rust from the 
interior surfaces which were to become heated during 
the reduction. For this reason, the surfaces marked 
““m ” in Fig. | were machined prior to welding. Oxide 
films caused by heating during welding were removed by 
filling vessel (A) with hydrogen and heating to about 
700° C. Before the vessel was cooled, the hydrogen was 
pumped out and the pressure reduced to approximately 
0-Ol mm. mercury. This pressure was maintained 
during cooling so that most of the hydrogen would be 
removed from the steel. 
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Procedure for Reduction 
The quantities of titanium tetrachloride and magne- 
sium were adjusted approximately in accorcance with 
the stoichiometric proportions of the equation :— 
TiC], + 2Mg = Ti + 2MgCl, 
Actually, a sight excess of magnesium was preferred 
(see Ref. 3). 

After the requisite weight of cleaned magnesium 
lumps had been placed in the reaction vessel, the equip- 
ment was assembled as shown in Fig. 1. It should be 
noted that no air had been left in the tube (R) ; titanium 
tetrachloride had been forced right up to the pinchcock 
(Q) and the latter firmly closed before making the 
conrection to (P). 

Before heating the reaction chamber in preparation 
for the reduction process, the main vessel (A) together 
with the various connections to (K), (L), (F), and (QO) 
were subjected to a vacuum test to make sure that there 
were no leaks. Then both vessels. (A) and (D) were 
pemped down to a pressure of approximately 0-01 mm. 
mercury and heating by means o: the nichrome resist- 
ance furnace (UV) was commenced. Pumping of (A) was 
continved until the magnesium had attained about 
700° C. as estimated by sighting through (O). At tnis 
stage, the tap (K) was closed, but pumping of the outer 
vessel (D) was continued. 

When the temperature of the magnesium had reached 
approximately 750°C., a little titanium tetrachloride 
was let into (A) by careful opening of pincheock (Q). 
At first the pressure in the reaction vessel rose to about 
2 cm. mercury, but after several seconds, it dropped 
suddenly to practically zero. The sudden drop in 
pressure was accompanied by the appearance of vivid 
flashes of yellow light in the reaction chamber. These 
were taken as signs of the reduction having started and 
introduction of titanium tetrachloride at a steady rate 
was therefore commenced. Despite the continuous entry 
of titanium tetrachloride into the reaction chamber, 
the pressure indicated by the manometer connected at 
(I) did not rise over 0-5 mm. mercury. Presumably 
this was due to the rapidity of the reaction and the 
relative non-volatility of the reaction products. 

By means of the viewing window at the top of (Q), it 
could be seen that the reaction was very vigorous. 
There was a bright yellow glow emanating from the 
reaction zone and at times there were glaring flashes 
suggesting momentary temperatures as high as 1,500° C. 
or even greater. Because of the high heat of reaction, 
external heating of the reaction vessel was discontinued 
about 5 mins. after the first titanium tetrachloride had 
heen introduced. 

Introduction of titanium tetrachloride at a rate of 
30-40 ml. per min. was continued until approximately 
80°, of the desired quantity had been let in. The 
remainder was introduced at a rate of 10 ml. per min. 
This retardation in the adaition of titanium tetrachloride 
was considered advisable because the residual particles 
of magnesium would become less accessible as the propor- 
tion of reaction products built up towards the end of the 
process. Accumulation of reaction products around the 
residual magnesium not only retarded the reaction : it 
also seemed to favour incomplete reduction of portion 
of the titanium tetrachloride. Actually in earlier 
experiments (see Ref. 3) some lower chlorides of titanium 
had been found in the upper portions of the reaction 
products. In view of this, it was decided to maintain 
the mixture of reaction products at about 900°-950° C. 
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for three-quarters of an hour after all the titanium 
tetrachloride had been introduced. This extra time was 
allowed to permit vaporisation of most of the residual 
magnesium and reaction of the latter with any lower 
chlorides of titanium which may have formed. 

The reaction vessel and its contents were allowed to 
cool right down to room temperature before air was 
admitted. 


Extraction and Treatment of Reaction 
Products 


Most of the mixture of reaction products formed a 
“cake” in the lower part of the reaction chamber. 
Some titanium and magnesium chloride, together with 
small clusters of crystalline lower titanium chlorides, 
were found in the upper part of the reaction chamber 
and in the lower end of the neck (B) of the reaction vessel 

The reaction products were removed by a boring 
operation which converted the titanium and magnesium 
chloride to small chips. The chips were slowly added to 
a 2°, aqueous solution of hydrochloric acid which was 
continually stirred and maintained in the temperature 
range 18°-25°C. The acid solution was agitated to 
expedite dissolution of the magnesium chloride and 
residual magnesium. An increase in temperature over 
25°C. was undesirable because it caused wasteful solution 
of the titanium. Besides, it had been reported by 
Kroll' and Dean et. al.? that hot hydrochloric acid 
solutions caused a more or less permanent superficial 
oxidation of powdered titanium. 

The chips of magnesium chloride and residual magne- 
sium dissolved readily and considerable effervescence 
marked this stage of the acid digestion. With the 
subsidence of the effervescence, there appeared a strong 
purple tint in the solution, indicating dissolution of 
some titanium. At this stage, the acidic magnesium 
chloride solution was decanted away from the titanium 
chips and the latter washed twice (by decantation) with 
cold 5°, hydrochloric acid solution, then six times with 
cold water. The purpose of the acid washes was to 
remove most of the titanium-bearing solution from the 
mass of titanium chips before the application of water, 
If this were not done, there would be hydrolysis of the 
titanium-bearing solution entrapped in the chips and 
contamination of the latter with precipitated hydroxide. 
After the water washes, the titanium was rinsed twice 
with alcohol and air dried. 


Yield and Screen Analysis of Product 


The yield of titanium metal was 475 grams from 
2.350 grams of titanium tetrachloride, that is, 81°). 
The loss was attributed to :— 

(a) Partial reduction of a small fraction of the titanium 

tetrachloride. 

(b) Dissolution of titanium during the pickling to 

remove magnesium chloride and excess magnesium. 

(c) Extremely fine titanium powder being discharged 

with wash water during decantation separations. 

Approximately 15°, of the metal passed through a 260 
mesh screen. This fine material was of little or no 
value for making compact titanium or titanium alloys 
because it yielded hard, almost brittle metal which 
probably contained as much as 1°, oxygen. 

The -+ 260 mesh portion of the powder consisted 
largely of coarse particles as indicated by the. screen 
analysis in Table I.— 
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Fig. 2._-Polished section through particles of titanium 
produced by reduction of titanium tetrachloride with 
magnesium. This photograph illustrates the porosity in 

each particle. x 60. 


TABLE I. SCREEN ANALYSIS OF TITANIUM POWDER 


Size Range 
Mesh Weight 


Each particle of the powder was porous, suggesting 
that the metal formed as a fine sponge-like mass during 
the reduction reaction. The porosity is illustrated in 
Fig. 2. 

Purity of Product 

The titanium was analysed spectrographically and by 
chemical means and Table II presents a summary of the 
various analyses. 


TABLE H.—IMPURITIES IN TITANIUM 
(All figures in per centum) 
Condition of metal 
| Bars made by | Ingots 
Method of powder |} melted in 
Element j analysis Powder metallurgy | argon are 
Iron } Chemical 0-3 | 0-3 | O+2-0-3 
Chemical O-2-0-4 | 
Magnesium | Spectrographic | Trace Faint trace 
| Chemical 0-3 | 
Lead Spectrographic Trace Trace 
| . 
Carbon | Combustion oor | 0-07 
Chemical | <0-04 <0 -04 
Silicon Spectrographic | Trace | Trace 
Tin Spectrographic | Trace Trace 
Zine Spectrographic | Faint trace | Faint trace 
Chemical <0-02 
Copper | Spectrographic | Very faint trace Faint trace 
Cobalt Spectrographic } Faint trace Fraint trace 
Manganese Spectrographic | Trace Trace 
— | | _ 
Heating in | | 
vacuum to Not Not 
Hydrogen | ©. Present detectable detectable 
Nitregen | Chemical 0-08 0-10 
NOTE : = less than 


Elements proved absent by spectrographic testing :—Chromium, nickel, vana- 


dium, molybdenum, tungsten, tantalum, niobium, zirconium, sodium, potas- 
sium, calcium, barium, strontium, beryllium, aluminium, phosphorus, silver, 
cadmium, bismuth, arsenic, antimony, boron. 


The chief metallic impurities were iron, magnesium 
and lead. The two latter impurities could be practically 
eliminated either by melting the titanium in an argon 
atmosphere or by heating to 1,000° C. for several hours, 
the pressure being not greater than 10—‘ mm. mercury. 
The content of lead was quite unexpected and it was 
traced to the presence of approximately 0-3°, lead in 
the ingot magnesium used as reducing agent. 

Hydrogen, nitrogen and carbon were shown to be 
present in small concentrations. The hydrogen probably 
entered the titanium during the acid digestion for the 
removal of magnesium chloride. The content of hydro- 
gen could easily be reduced to a very small value by 
heating the metal to 906°-1,000°C. in vacuum, the 
pressure being 10—‘mm. mercury or less. 

The oxygen content was not determined but it was 
estimated at approximately 0-2°%,. This estimate was 
considered reasonable because the hardness and cold 
working characteristics of the metal were very similar to 
those of other samples of titanium which contained about 
0-2°, oxygen and which, in respect to their content of 
other impurities, were similar to the metal under dis- 
cussion in this paper. It should be mentioned that the 
hardness and cold working characteristics of titanium 
are very sensitive to small variations in oxygen content. 


Technique of Compacting 
Powder 


The procedure employed was based on that described 
by Dean et. al.‘ In brief, the sequence of operations was 
as follows :— 

(a) Press the powder at 55 tons ‘sq. in. to bars measur- 

ing 7 x fin. 
Sinter the bars for 10 hours at 1,000°C., the 
pressure being 10—‘mm. mercury or lower. A fused 
silica tube formed the vacuum vessel for sintering 
operations. 

(c) Swage, at room temperature, to bars 0-25 in. dia. 

(d) Second sinter, 8 hours at 1,000°C., pressure not 

greater than 10—‘mm. mercury. 

(e) Swage, at room temperature, to 0-22 in. dia. 

(f) Anneal $ hour at 800°C. in vacuum, 10—* mm. 

mercury pressure. 

(g) Swage, at room temperature, to 0-20 in. dia. 

(hk) Anneal $ hours at 800°C. in vacuum, 10-4 mm. 

mercury pressure. 

(‘) Repetition of swaging and annealing until desired 

reduction is effected. 

In the early stages of swaging, the cross-sectional area 
reductions had to be limited to 25°, or less, otherwise 
the bars cracked. In later swaging stages, area reduc- 
tions of 35°, were permissible before re-annealing was 
necessary. 

There was one serious defect in the powder metallurgy 
technique outlined above. Bars of titanium sintered in 
silica tubes suffered small but significant amounts of 
superficial contamination with silicon. This occurred 
even when the bars were prevented from resting directly 
on the silica. In other words, the silicon was transferred 
to the surface of the titanium via the vapour phase. It 
is possible that oil vapour from the diffusion pump 
caused reduction of silica to the relatively volatile 
compound silicon monoxide and that the latter was 
absorbed in the surface of the titanium. Surface harden- 
ing which accompanied the silicon absorption was quite 
marked ; in some cases it amounted to about 200 units 
on the Vickers scale. 


Powder Metallurgy 
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Whenever it was necessary to prevent the absorption 
of silicon during the heating, the bars were encased in 
molybdenum cylinders, the ends of which were loosely 
stoppered with plugs of titanium. While this prevented 
the absorption of silicon, it hindered the expulsion of 
magnesium and lead during sintering. Now the elimina- 
tion of magnesium and lead was one of the desirable 
results of the sintering operation. Hence to compromise, 
it was found best to divide the first sintering period into 
two sub-stages. Firstly, the bars were heated to 1,000° C, 
for 3-4 hours without being encased. During this period 
the hydrogen, magnesium and most of the lead were 
removed. Then the bars were encased in molybdenum 
as described above and heated for a further 7-8 hours at 
1,000° C. to complete sintering. The use of molybdenum 
cartridges was made standard practice for the second 
stage of sintering, also for annealing operations. 


Argon Arc Melting Technique of Compacting 
Powder 


The powder metallurgy method of producing titanium 
bars was slow and tedious. Besides, it was not very well 
suited to the production of alloys because of (i) the 
extremely long heating periods required, and (ii) the 
attendant vacuum pumping problems. Therefore it 
was decided to construct an inert atmosphere are 
furnace for rapidly converting titanium powder to lump 
form. 

The type of furnace selected for development was that 
described by Kroll !. The metal to be melted is placed 
in a shallow water-cooled copper receptacle shaped like 
a saucer. After the space surrounding the melting 
hearth has been furnished with a purified inert gas, say 
argon, to a pressure of approximately 10 cm. mercury, 
a direct current are is struck between a moveable 
tungsten electrode (negative) and the pieces to be melted 
(positive electrode). All of the metal is melted except 
for a thin chilled layer in contact with the water-cooled 
copper hearth. The arc is switched off and the lump of 
metal allowed to solidify. Then it is turned over and 
the thin, previously unmelted layer is fused by playing 
an are on it from the tungsten electrode. 

When titanium powder was melted by the above 
method, considerable spitting and fuming occurred on 
account of the expulsion of hydrogen, magnesium and 
lead. For this reason, it was found advisable to heat the 
titanium to 950°-1,000°C. in vacuum, the pressure 
being reduced to 10—* mm. mercury for 2 or 3 hours, 
prior to melting in the are furnace. 

Pieces of titanium weighing as much as 130 grams were 
melted by the technique outlined above. The “ ingots ” 
possessed a bright clean surface and they were free of 
blowholes. Spectrographic examination indicated that 
the titanium acquired only a faint trace of copper 
although it was melted on a copper hearth. As indicated 
in Table II, there was no detectable contamination with 
tungsten. 


Mechanical Working of Meited Titanium 


In the “ as melted ”’ condition, the lumps of titanium 
were coarsely crystalline, some of the grains being several 
millimeters across in 100 gram pieces. When the coarse- 
grained metal was deformed, considerable puckering of 
the surface occurred. Therefore, in the early stages of 
mechanical working, special care had to be exercised to 
prevent surface defects such as seams, laps, ete. But 
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once the primary grain texture had been broken up, the 
metal could be cold-worked in a manner similar to that 
for steels. 

To lighten the load on mechanical working equipment 
such as rolls and swaging machines, the first heavy 
stages of deformation were effected with the titanium 
at 530°-650°C. In this temperature range, partial 
recovery of the worked metal would probably occur. 
But to cause an appreciable degree of softening, it was 
necessary to heat to about 700°C. for 4 minute or so. 
Such annealing could safely be done in air; the metal 
became coated with an adherent, protective layer of 
oxide and there was scarcely any detectable absorption 
of oxygen into the metal phase. It is worth noting that 
bars of titanium compacted by powder metallurgy as 
outlined earlier could not be annealed in air without a 
noticeable decrease in ductility occurring. Presumably 
this was due to slight porosity in the bars made by 
alternate sintering and swaging. 

Melted pieces of titanium have been converted by 
rolling to 0-015 in. thick sheet without any edge crack- 
ing occurring. The sheet was annealed at 700° C. for 
}+4 minute in air after thickness reductions of 30-50°,. 

By a sequence of hammering, swaging and wire- 
drawing operations, various gauges of wire have been 
produced from 0-125 in. dia. down to 0-009 in. dia. 
Annealing in air for }-} minute at 700° C. was usually 
done after area reductions of 40-55°,. The heating to 
effect annealing achieved another desirable purpose— 
it produced an oxide film to facilitate lubrication in the 
drawing operation. The lubricant selected for drawing 
titanium was a high pressure gear-box oil. However, 
if the metal were not coated with a thin oxide layer, 
even the use of a special high pressure lubricant would 
not prevent a certain amount of sticking and irregular 
flow during wire drawing. 

An alternative method of producing fine titanium 
wire was as follows :— 


(a) Swage and draw down to approximately 0-1 in. 
dia. as outlined above. 

(6) Remove the oxide skin on the metal by means of 
abrasive or by pickling in a mixture of 4 volumes 
of commercial nitric acid and 1 volume of 40% 
hydrofluoric acid. 

Anneal for about 10 minutes at 800°-820° C. in 
vacuum (10—* mm. mercury pressure) or in argon. 


(e 


Coat the bar or wire with an oxide film electro- 
lytically. This is done by making the wire the 
anode in a cell, the electrolyte of which is a 3-5°, 
acetic acid solution. A_ potential difference 
of 50 volts is applied between a brass or 
copper cathode and the wire being treated. 


(d 


~— 


Apply high pressure gear box oil and draw in the 
usual way. 

(f) To maintain the thin oxide film on the wire, the 
anodising treatment should be applied after each 
two or three passes in the wire-drawing sequence. 


The above technique was developed to minimise the 
amount of annealing required during wire drawing. 
Area reductions as high as 98-8°, have been success- 
fully attained without any intermediate annealing. 
Titanium wire reduced in sectional area 98-8°, by cold 
drawing could be bent to a radius of about 0-02 in. 
without breaking. 
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Effect of Cold Drawing on Mechanical Properties 
and Structure of Titanium Wire 


Fig. 3 presents, in graphical form, the effects of cold ae 
drawing on :— 
(a) The hardness. 300}— 
(b) The tensile strength (maximum stress). 
‘ (c) The tensile elongation, 
of wire which had previously been annealed at 810°— ion 2 
820° C. for 10 minutes. The amount of reduction in & F 
cross-sectional area is plotted on a logarithmic scale 26+ 
‘ because this scale gives a correct impression of the ° [| 
relative extents to which the metal is deformed at = 7 
: various stages of wire drawing, whereas the usual scale oes — 
- TENSILE STRENGTH 
of percentage area reduction does not. The reason for eg an _ 
using the logarithmic scale will be made quite clear by val Pa 4 
the following :— 
Let A = the cross-sectional area of the wire before my jl ¢ 
Let a =the cross-sectional area of the wire at any 2 cok \ ? 7 z 
given stage of wire drawing. 5b ¥ , oe 
Let 5a = a small decrease in sectional area caused by et to § 
Let 5R = the small element of reduction correspond- s [/ Ne z 
a PERCENTAGE AREA REDUCTION 
Integrating to determine Ra. Fig. 3.—Effect of cold drawing on the mechanical proper- 
(Ra = the total reduction effected in drawing the ties of titanium. The initial wire had been annealed at 
wire from initial sectional area A to stage when the 810°-820° C. for 10 minutes. 


sectional area = a). 
wire) to 70 tons ‘sq. in. as a result of 50°, area reduction 


“4 by cold drawing. The strength rose comparatively 
: Ra = = slowly in the range 50-98-8°,, area reduction, the highest 
. Vv Aa value being 91 tons/sq. in. in the case of the most 


severely drawn wire. The elongation of annealed wire 
log a 290 9 j 

= oe was 22°, as measured on a 2-in. gauge length. Cold 

A drawing the wire to the extent of 50°, area reduction 

Referring to Fig. 3, it will be noted that the effects decreased the elongation to 6°,. Severe drawing 

of the first 50-60°,, area reduction were relatively more reduced the elongation to values of the order of 2%. In 

marked than those of the subsequent reductions which the annealed condition, the titanium wire had a hardness 

extended to 98-8°,. The tensile strength was increased of 225-230 on the Vickers .diamond pyramid scale. 

from 37 tons sq. in. (the value pertaining to annealed The hardness rose to almost 300 as a result of the first 


Fig. 4.—Microstructure of titanium wire annealed 10 Fig. 5.—-Microstructure of titanium wire cold drawn to 
minutes at 810°-820°C. Etched, 5°, hydrofluoric acid the extent of 97°,, reduction in cross sectional area. (Initial 
solution. <« 500. wire represented in Fig. 4). Etched, 5°, hydrofluoric acid 

solution. x 500. 
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50°, area reduction. Subsequent cold drawing as far as 
98-8°, area reduction increased the hardness to only 322. 

Microstructural changes produced by severe cold 
drawing are illustrated by Figs. 4 and 5 which represent 
respectively annealed wire and the same wire after 97°, 
area reduction. 


Annealing of Cold Drawn Titanium 
Fig. 6 contains the results of an investigation of the 
short-term annealing of titanium wire cold drawn :— 
(a) 37°, area reduction. 
(b) 54°, area reduction. 


600 
ANNEALING TEMPERATURE — °C 
(ANNEALING TIME MINUTES) 


Fig. 6.—Effect of annealing temperature (period of heat- 

ing = 5 minutes) on the hardness of titanium wire. Curve 

A pertains to wire previously cold drawn 37%, area reduc- 

tion. Curve B refers to wire previously drawn 54% area 
reduction. 

The small rise in hardness just before the commence- 
ment of softening could be attributed to :— 

(i) Slight plastic deformation of the metal resulting 
from the interna! stresses caused by the anisotrophy 
of thermal expansibility in hexagonal titanium.® 

(ii) Some precipitation or related effect arising from 
the presence of impurities in the titanium. 

Softening appeared to commence at approximately 
500° C. in the wire which had been reduced 37°, and at 
460° C. in the wire reduced 54%. The lowest annealing 
temperatures for which there was microstructural 
evidence of partial recrystallization were :— 

(a) 660° C. in the case of wire previously drawn 37% 

area reduction. Actually, recrystallization was 
well advanced in the sample annealed at 660° C. 
for 5 minutes, but there was no sign of it in a 
sample annealed at 580° C. 

(b) 580° C. in the case of wire previously drawn to the 
extent of a 54°, area reduction. Here the recry- 
stallization was in its early stages. 

Annealing at 820°C. for 5 minutes caused complete 
recrystallization and more or less complete softening 
in both cases. But a further slight reduction in hardness 
was caused by annealing at temperatures above the a/8 
transformation range which is 850°-900° C. 

Grain growth became apparent when annealing was 
effected by heating for 5 minutes at 940°-1,000°C. In 
general, it was found that annealing at any temperature 
over 900°C. for periods greater than 5-10 minutes 
caused marked grain growth. 

Practical wire-drawing tests have indicated that more 
or less optimum annealing conditions for obtaining 
maximum ductility in titanium wire are :-—- 

Annealing temperature range, 750°-820° C. 

Annealing time, 5-10 minutes. 
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However, it should be noted that annealing at 700° C. 
for only }-4 minute causes sufficient softening to permit of 
moderate area reductions of the order of 40-60°,. 


Annealing Techniques 


It is generally considered that it is necessary to employ 
high vacuum heating equipment or a furnace with an 
inert gas atmosphere—e.g., argon, if it is desired to heat 
titanium above 700° C. for more than several minutes. 
However, it has been found that for practical purposes 
titanium may safely be annealed in molten lead or tin 
at 800°-820° C. for periods up to 5 minutes. 

In some cases, it is not necessary to anneal the metal 
fully and annealing temperatures in the range 600°- 
700° C. have been shown to give adequate softening for 
many practical purposes. Numerous trials have indi- 
cated that there are four safe, inexpensive techniques 
which may be used for short-term annealing of titanium 
at temperatures not exceeding 700° C. :— 

Heating in air by means of a gas-fired or electric- 

resistance furnace. 

Heating by passage of a current through the metal 

wire suspended in air. 

Heating by immersion in molten lead or tin, the 

metal being covered with broken charcoal if the 

temperature is greater than 600° C. 

Heating by immersion in molten salt mixtures. 

(a) Nitrate-nitrite mixtures. 

(6) Barium chloride-sodium chloride-calcium 
chloride mixtures. 

Heating in air (as in methods | and 2) at temperatures 
close to 700°C. should be restricted to 10 minutes or 
less, otherwise oxygen enters into solid solution in the 
skin of the metal causing hardening and even embrittle- 
ment thereof. In the case of method 4, there may be 
appreciable corrosion of titanium if the heating period 
exceeds 10 minutes in the vicinity of 700°C. But the 
corrosion rate drops rapidly with decrease in tempera- 
ture and in the range 500°-600° C., salt bath heating 
may be employed for periods of | hour or so. 


TEMPERATURE °C 
o 


2 4 
MAXIMUM SAFE HEATING PERIOD —HOURS 


Fig. 7.—Maximum heating periods which are considered 
to be safe from the point of view of preventing serious 
superficial absorption of gases in titanium. If the heating 
conditions are represented by a point lying to the left of the 
appropriate curve, an oxide skin will form but there will 
be no obvious contamination and hardening of the surface 
of the metal itself. Curve A. Heating in molten lead or tin. 
Curve B. Heating in air. 
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In reference to methods 1 and 2 (heating in air) and 
method 3 (heating in molten lead or tin), Fig. 7 indicates 
the maximum safe heating periods at various tempera- 
tures. This illustration is based on a correlation of 
numerous observations, and it is valuable as an approxi- 
mate guide for practical purposes. 

When methods |, 2, and 3 above are employed, a thin 
skin of oxide is formed on the surfaee of the titanium. 
The removal of this oxide skin is rapidly and uniformly 
effected by digestion in a cold mixture of 4—5 parts by 
volume of concentrated nitric acid and 1 part by volume 
of 40°, hydrofluoric acid solution. Pickling in this 
mixture leaves the surface of the metal bright and 
smooth, whereas simple hydrofluoric acid solutions 
cause relatively deep etching and roughening of the 
surface. 


Some Physical Properties 

The density, electrical resistivity, and temperature 
coefficient of resistivity of the titanium have been 
determined and the results are presented in Table IIT. 

The density is higher than the values in the range 
4-40-4-47 which have been calculated from lattice 
parameters reported by Hull, Patterson and Hiagg.® 
However, the values in Table III are quite close to 
Fast’s value of 4-507 which pertains to high purity 
titanium made by the iodide dissociation method.’ 
The impurities present in the titanium made by the 
present author serve to explain more or less quantita- 
tively why his values of density are about 0-01 greater 
than those of Fast. 

The electrical resistivity is similar to that reported 
by Dean, Long, Wartman and Anderson,? whose measure- 
ments were made on titanium produced by the Kroll 
method. As compared with the resistivity of high 
purity titanium (42.10-* ohm-cm. as determined by 
Fast’), the value reported in Table III is high. Likewise 
the temperature coefficient is low in comparison with 
the value found by Fast (5.46 x 10—* per degree C.). 
These differences clearly indicate the marked influence 
of the impurities present in the titanium made by the 
author. 


DENSITY AND ELECTRICAL PROPERTIES OF TITANIUM 


TABLE 


Condition of metal 
(Compacted by 
melting in 
argon are furnace) 
Method of Annealed 820°C. Cold drawn 37°, 
Property measurement for 10 minutes area reduction 
Density at 20° C, Weighing in 4-516 
air and water ( + 0-003) 
Grams /ml, Weighing cylinder 
of known 4-51 4-52 
dimensions + 0-01) (+0-01) 
Electrical 
resistivity at Kelvin 
20° C. ohm-cm. Double Bridge 55-6 =x 56-9 
‘Temperature 
coefficient of 
resistivity /deg. Kelvin | 
Cent. 15°45" Double Bridge 35-5 « 
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Sampling and the Preparation of Elect- 
rodes for Spectrochemical Determination 
of Mean Compositions of Remelt 
Aluminium Alloys. 

The results and conclusions of an investigation of the 
extent to which representative analyses of large batches 
of remelt Al-Cu-Mg and Al-Mg-Si alloys could be ob- 
tained by spectrochemical analysis which, for the 
purposes of the investigation, was checked by chemical 
analysis. 

It was found that using electrodes cut from the ingot 
a large number (10-15) of spectrochemical analyses at 
different points along the electrode was required to obtain 
the average composition. For chemical analysis sampling 
by milling gave the best results while samples obtained 
by sawing along one plane always gave results that were 
low. Drilling gave satisfactory samples provided it was 
done at several correctly chosen points. 

Analysis of several electrodes taken from a 1}-ton 
batch showed that, using electrodes cut from the ingots 
and making 10-15 determinations for each electrode, 
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an analysis reasonably representative of the whole batch 
could be obtained by analysing about five ingots. For 
an accurate and truly representative analysis, as many 
as ten ingots should be used. 

Further investigation confirmed the possibility of 
taking portions of ingots selected from a batch, melting 
the portions, with a total weight of about 1-5 kg, in a 
high-frequency induction furnace with precautions 
against loss by oxidation, and finally casting electrodes 
in a chill mould. Electrodes prepared in this way 
yielded satisfactory results from a single spectrochemical 
determination. For ordinary acceptance analysis of a 
1}-ton batch of ingots, sampling of 3-5 ingots is 
sufficient. Accurate analyses for arbitration and like 
purposes require the sampling of 8-10 ingots. 

In conclusion some analyses are given of electrodes 
cast from samples of molten alloy taken during the 
casting of ingots, with the alloy being poured from a large 
holding furnace. These analyses, confirm the uni- 
formity of the alloy poured from such a furnace. 


From Archie fiir Metallkunde, 1, No. 3, pp. 125-137. March, 1947, 
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The Welding of High-pressure 
Air-vessel Assemblies 


Metallurgical and Mechanical Considerations 
By K. G. LEWIS, M.Sc., F.R.I.C., F.1.M. 


A review is given of materials used in the manufacture of high-pressure air-vessel assem- 

blies and of the methods of assembly, with especial reference to the austenitic welding of 

low-alloy steels. The pulsation form of pressure test is described and the results of 

pulsation tests on series of air-vessel assemblies are recorded. It is concluded that low- 

alloy steel vessel bodies, fitted with domes of similar material screwed on to a stop-collar, 

are satisfactorily sealed by austenitic welding, the resultant unit being definitely superior 
to a screwed and sweated assembly, as adjudged by the pulsation test. 


Introduction 
HE recent symposium on “ The Metallurgy of 
Steel Welding ’' drew attention to the welding 
of low-alloy steels and to the attendant diffi- 
culties?,* both aspects being of outstanding interest 
in the manufacture of certain forms of high-pressure air 
container. The high-duty requirements of air-vessel 
assemblies—e.g., as required for air supply in a torpedo, 
are, of course, well known and the necessity that they 
should be leak-proof to high-pressure air is obvious, if 
only on the ground of protection to personnel. 
Historical 
In the present instance, due to mechanical strength 
considerations, the assembly consisted of two dome 
forgings fitted into the ends of a cylindrical hollow 
forging by screwing and sweating, the screw-thread 
being of the buttress type (shown below in various 
illustrations) and tightness being assisted by screwing 
each dome on to a stop-collar machined below the first 
or lowest thread (from either end) of the vessel. Prior 
to the recent war, the absence of high-pressure air 
leaks was considered to be due to this design develop- 
ment, coupled with the high standard of workmanship 
then available. Unfortunately, the requirements of 
war-time conditions—diluted labour and_ increased 
production—mitigated against this happy state of 
affairs, with the result that occasional cycles of leakage, 
either on test or in service, became a source of anxiety 
to both manufacturer and user. Increased production 
had demanded a smaller stop-collar of greater base 
radius and this modification was assumed to provide a 
lesser degree of “ spring *’ when seating the dome on the 
collar. However, the fact that some assemblies of the 
former type of design were included in these sporadic 
leakage troubles and that some of the later type showed 
satisfactory performance suggested that the solder 
film only provided an efficient seal when used in con- 
junction with a “ perfect ’’ screw-thread and that some 
new avenue of approach should be investigated with a 
view to effecting satisfactory sealing of the assembly. 
Production lay-out requirements demanded that the 
screw-thread design should remain sensibly the same. 
The logical procedure, therefore, appeared to be the 
utilisation of other methods of fabrication whereby 
the provision of a pressure-tight joint was undertaken 


1 “ Metallurgy of Steel Welding” Symposium. British Welding Research 
Association, 1947. 

2 Wheeler, J. A. and Kondic, V., loc. cit., pp. 71-83. 

3 Hopkin, G. L., loc. cit., pp. 40-41. 
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by a medium of greater strength, and certainly of 
greater fatigue strength (the assembly is brought to 
pressure and let down a number of times during its life) 
and to confine the function of the stop-collar solely to 
that of a stop or seat. Previous experience of welded 
low-alloy steel containers, subject to rigid loading 
requirements, but not to pressure conditions, led to 
welding being given first consideration. 


Materials for High-pressure Air-vessels 

Much development had taken place between the two 
world wars in improving materials for the manufacture 
of high-pressure vessels. The various specifications are 
generally controlled by mechanical properties, and not 
by chemical composition. In the early days of low- 
alloy steel development, importance had naturally been 
placed on tonnage requirements, but final considerations 
for the type of assembly under discussion had resulted 
in a compromise at an ultimate strength of 65-74 tons / 
sq. in. (55 tons/sq. in. minimum yield)—Brinell, 311- 
363; a minimum elongation of 14% and a minimum 
Izod value of 26 ft.-lb., all such properties to be obtained 
on transverse test-pieces. The values recorded are for 
steel of basic electric manufacture—a reduction in Izod 
value was permitted in the case of a number of forgings 
made from acid open-hearth steel during the war years— 
a procedure made necessary by supply requirements. 
Properties were, in general, met by nickel-chrome- 
molybdenum steel of approximately the following 
composition :—C, 0-25—0-35 (usually, 0-25—-0-30); Ni, 
3°-5-4-5; Cr, 0-6-1-0; Mo, 0-40-0-70 (usually, 
0-55-0-65); with P and S at 0-030 max. Suitable 
hardening and tempering treatment generally gave the 
properties specified at the first attempt, but treatment 
could be repeated if required. 


The Welding of Low-alloy Steels 

The main features demanding consideration in the 
welding of low-alloy steels are those of steel composition, 
the presence of hydrogen and the propensity for cracking 
either of the weld material or of the surrounding basis 
metal. Certain of these factors may be inter-related. 
In addition, two essential treatments are required 
for satisfactory welding of low-alloy steels, namely, 
sufficient degrees of pre-heat prior to welding and of 
stress-relieving after the operation. 

Prior to the recent war, the German Air Ministry 
considered the question of composition sufficiently 
important to reduce the sulphur, phosphorus and carbon 
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contents in their standard chrome-molybdenum steel 
(No. 4512) to respectively 0-015, 0-020 and 0-27% 
max.‘ Their experience over eight years had shown 
that the tendency for welding cracks to develop was due 
principally to sulphur and phosphorus contents. Sul- 
phur, phosphorus and carbon assist in the retention of 
hydrogen,® but this trouble can generally be overcome 
by promoting an active boil of the melt before tapping. 
Nickel also demands consideration in that it increases 
the solubility of hydrogen in steel.® 

Care is necessary in welding to prevent the introduc- 
tion of hydrogen, the usual source of which is moisture 
or a reducing atmosphere. The well-known “ fish-eye ” 
type of fracture in weld metal owes its origin to hydro- 
gen,® but the trouble can usually be obviated by treat- 
ment below 400°C. The long period of heat treatment 
in a hydrogen-bearing atmosphere, necessary in the 
course of air-vessel manufacture, is not a source of 
danger in that the penetration into steel is extremely slow’. 

The U.S.A. aircraft industry consider the prevention 
of cracking in the heat affected zone as being by far the 
best criterion of the welding process and of the welda- 
bility of the materials used.* The necessity for pre- 
heating (in particular) and stress-relieving is of the 
greatest importance in this respect® and welding of the 
alloys of higher chromium content—e.g., those used in 
hard-surfacing, cannot be achieved with freedom from 
cracks unless these precautions are adopted.’®  Pre- 
heating reduces the cooling rate of the weld region and 
the delayed cooling tempers and toughens any martensite 
formed.* More recent work in the U.S.A." attributes the 
origin of parent metal cracking to very high local 
aerostatic stresses developed by the sudden release of 
hydrogen during the low-temperature transformation of 
small areas of residual austenite. It is pointed out also 


that the strength of martensite (in chrome-molybdenum 


steel) is of the order of 135 tons /sq. in., so that shrinkage 
stresses alone are inadequate for the initiation of cracks, 
since (in this case) the unaffected parent metal has a 
yield strength of only 45-50 tons/sq. in. Thermal 
stresses in a weld are not the primary cause of cracks, 
but are responsible for their propagation. 

That the welding of low-alloy steels is now generally 
accepted practice is confirmed by the inclusion of recom- 
mended pre-heating temperatures in the recent B.S.- 
STA5 series of steel specifications.'* Much literature 
exists regarding the successful welding of chrome- 
molybdenum". ', chrome-vanadium® and nickel-chrome 
steels,® while large structures in stainless steel can now 
be welded with material of similar composition.'® In 
the case of the 6°, chrome steel (with somewhat higher 
carbon), however, its development has been materially 
assisted by austenitic welding.'’: 


The Austenitic Welding of Low-alloy Steels 
The austenitic welding of most classes of steel was 
established practice in Germany more than twelve years 


4 Miiller, J.. Welding J., 1941, 20, 309-3168. 
5 Zapife, C. A. and Sims, C. E., ibid., 1941, 19, 377-5948. 
6 Harder, O. E., and Voldrich, C. B., ibid., 1943, 22, 441-4508. 
7 Houdremont, E., and Schrader, H., St. u. Eisen, 1941, §1, 671-680. 
8 Voldrich, C. B. and Williams, R. D., Welding J., 1943, 22, 545-5548. 
9 Dearden, J. and O'Neill, H., Trans. Inst. Welding, 1940, 3, 203-215. 
10 Shashkov, A. N., Autogen. Delo. Welding, 1942, 10, 200-201. 
1l Hoyt, 8. L., Sims, C. E., and Banta, H. M., Metals Tech., A.1.M.E., 1945, 12, 
No. 4, T.P. 1847. 
2 S.T.A.5 Series of B.S. (En. V) Steel Specifications, 1945. 
3 Sachs, G. and Davies, W., Welding J., 1942, 21, 427-4338. 
Spraragen, W. and Chiswick, H. H., loc. cit., 353-3848. 
5 Kagan, L. Z., Welding Ind., 1940, 8, 276-277. 
} MeClow, W. W., Chem. and Met. Eng., 1943, 50, 134-135. 
7 Rollason, BE. C. and Cottrell, A. H., Trans. Inst. Welding, 1941, 4, 3-16. 
1s Schuyter, J., Metal Progress, 1943, 43, 218-225. 
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ago.!® Of the benefits obtained, probably the most 
important are :—A much lower degree of pre-heat is 
required ;!7_ and contractional stresses will be more or 
less absent ; welds of the 18/8 variety lose only 50°, 
of their impact strength on testing at — 183°C. ;?° and, 
for single runs, when compared with ferritic welds, there 
is a much lower susceptibility to cracking." The 
electrode used should be capable of providing a weld, 
the austenite of which would be, after the slight dilution 
which occurs with the low-alloy steel basis material, 
sufficiently stable and not revert to martensite. 

Austenitic electrodes produce the same degree of 
hardness in the heat-affected zones of low-alloy (or 
higher carbon) steels as do ferritic electrodes, but, as 
already indicated, do not in general cause cracking. 
Hopkin® has recently suggested a most ingenious theory 
to account for this superiority. As he states, in the 
case of austenitic electrodes, the hydrogen is in solution 
and no diffusion takes place into the adjacent heat- 
affected zones of the parent material; but the heat- 
affected zones, which contain hydrogen due to absorp- 
tion from the weld metal and envelope at high tempera- 
ture, are losing hydrogen by diffusion to adjacent basis 
material of lower concentration, so that the net effect 
is for the hydrogen content of the heat-affected zones to 
decrease. 

Probably the greatest practical achievement in the 
field of austenitic welding, frequently by automatic 
means, was the successful welding of tank armour 
(chrome-molybdenum steel with a high carbon content) 
in the recent world war.”* 


Scope of the Investigation 

The general picture of the efficiency of sealing of 
high-pressure air-vessel assemblies cannot be obtained 
without first having some idea of the performance of 
screwed and sweated joints, with particular reference to 
stop-collar design. Discussion of this latter aspect 
would be out of place here and the various designs of 
collar are indicated by numbers in order—i.e., (i) 
represents the older form of design. Unfortunately, the 
complete fatigue life of a sweated assembly can only be 
determined after numerous re-sweating operations, 
owing to the inability of such a system to withstand the 
total number of possible pulsations (see below). Com- 
parison of these results with those of welded vessels— it 
was decided, for reasons given above, to adopt austenitic 
welding—would then provide a survey of joint efficiency 
and wouid determine whether or not further investiga- 
tion was necessary. 

Method of Test 

Two types of 2l-in. dia. vessel were available for 
test, the approximate lengths being type I, 7 ft. 8 in. 
and type II, Ll ft. 6 in. All the cylindrical hollow 
forgings and dome forgings incorporated into the 
assemblies used in the investigation had passed the 
specification values recorded above—after heat-treatment 
and before being machined to size. 

The criterion of efficient jointing was determined by a 
hydraulic pulsation test—1,000 pulsations at working 
or service pressure, followed by 1,000 pulsations at test 
pressure. Working and test pressures for type I assem- 
blies are respectively 3,000 and 4,000 Ib. /sq. in. and the 
corresponding figures for type II are 3,100 and 4,150. 


19 Kautz, K., Tech. Mitt. Krupp, 1935, 3, 143-173. 

20 Cherwyak, V.8., Golubera, Z. I., and Sternberg, |. A., Autogen. Delo. Welding, 
1943, 22, 437-438. 

21 Hanson, D. and Rollason, E. C., Inst. Welding—T.3, 1941. 

22 Dept. of Tank Design ; Welding and Gas Cutting Branch, Rept. No. M6010 W, 


METALLURGIA 


1 
| | 


Fig. 1. 


Testing was carried out in a plant designed for high- 
pressure work. A vessel is shown in position in the test 
cell in Fig. 1. A pressure wall is shown on the left which 
separates the cell from the control room. Loading is 
applied hydraulically through a number of valve 
systems; the amplitude of stroke was from approxi- 
mately 250 Ib./sq. in., and not from zero; the dwell 
was 8 secs. at load; and the duration of each cycle 
varied from 57-75 secs., depending on the type of 
assembly under test. Pulsation in this way is regarded 
as the most reliable means of providing a parallel, but 
accelerated form of test, when the breathing effect 
produced by blowing up and down during the working 
life is considered. At the same time, as will be seen 
later, this form of test cannot be adopted as a general 
acceptance test owing to the strain (by fatigue) induced 
in the screw zone of the vessel. Pulsation tests to 
destruction on random sample assemblies, however, 
would constitute a reliable index as to the standard of 
assembly operation. The general condition of all 
assemblies is determined by static hydraulic tests at test 
pressure. It should be mentioned that ultimate failure in 
pulsation is by circumferential body fracture propagating 
from the outermost root of the first thread, while static 


Figs. 2 and 3.—Buttonhole-type fractures on assemblies 


of types I and II after static loading. 


Air-vessel assembly in test cell. 


failure under static loading always 
results in a longitudinal button-hole 
typeof fracture. Figs.2and3showsuch 
types of burst in assemblies of types 
Land II. It must be remembered, 
however, that when an assembly has 
undergone “sufficient pulsation 
loading, it may fail under static 
loading by the end forging blowing 
out—i.e., due to fatigue of the 
thread portion. 


Series 1.- Ordinary Fillet Welds 
on Rejected Assemblies 


Since the machining of the hollow 
and dome or end forgings is a very 
expensive item, it was decided first 
to investigate the sealing efficiency 
of austenitic welding on assemblies 
of type I which had been rejected on 
machining inspection for slackness of 
fit, the various degrees of slackness 
on the four assemblies being up to 

as much as 0-024 in. between vessel and end (dome). 
Obviously, welding could be justified as a jointing 
process if such inferior assemblies could be satisfactorily 
sealed without distortion, as adjudged by external 
inspection charge-gauges. 


Fig. 4.-Details of ordinary fillet weld. 


(a) Section of ordinary fillet weld. 


(0) Order in which fillet weld segments 
were made. 


(c) Disposition of runs. 


Method of 


welding.—F¥or this 
purpose, it was decided to use 
an ordinary fillet weld, as shown 
in Fig. 4. Each end of the vessel 
and fitted dome was pre-heated 
to 200°-250° C. and welded in 
two runs with 6 S.W.G. austenitic 
rods at 180 amps., the operation 
being carried out with the trans- 
former on open circuit voltage of 
100. Welding was arranged so 
that the 2-run fillet was completed 
in a series of twelve segments, 
each segment being welded 
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Fig. 5._-Ring-jig fitted to assembly for prevention of 
distortion, showing clamps removed for welding of 
segments. 


to size before proceeding to the next (Fig. 
4b). The manner in which the runs_ were laid 
down is shown in Fig. 4c. A restraining device, used in 
all the welding operations to prevent distortion, con- 
sisted of a ring-jig fitted as in Fig. 5 in which clamps 
have been removed over part of the circumference for 
the welding of a particular segment. Actually, the 
welding operation was carried out with the assembly in 
the vertical position. After welding was completed, the 
assembly was subjected to an air test at 80-100 lb./sq. 
in. pressure as a means of testing the solidity of the 
weld. Except where otherwise stated, the welded 
assembly was then stress-relieved at a temperature above 
550° C., but below the lowest tempering temperature of 
the component forgings. Finally, the finished assembly 
was subjected to charge-gauges, as previously mentioned. 

Pulsation tests —The results of pulsation tests on 
assembly Nos. 1-4 are shown in Table I, in which it will 
be seen that all assemblies withstood 1,000 pulsations 
at working pressure, followed by 1,000 at test pressure. 
In the case of the first two, further pulsation tests were 
carried out at 4,500 lb./sq. in. No. | eventually leaked 
at what appeared to be a fault at the vessel-weld junction 
and was withdrawn from test. The front end of No. 2 


PULSATION TESTS ON REJECTED ASSEMBLIES (TYPE 1), 
SEALED BY AUSTENITIC WELDING 


TABLE I. 


Details of Pulsation 


No. of 
Pulsations 


Pressure 
(Ib. /sq. in. 


Stress- 
relieving 


Assembly 
No. 


1 None 


Remarks 


Leak at rear end near 
vessel wall. 


3,000 
4,000 
4,500 
3,000 
4,000 
4,500 
3,000 
4,000 
3,000 
4,000 


Front end blew out, shear- 
ing body threads. 


550 /600° C. 


No leak. 
drawn. 
No leak. 
drawn. 


None Assembly with- 


550, /600° C. Assembly with- 


Fig. 6.—Mode of propagation Fig. 7... Commencement 
of failure of body threads in of failure at outermostroot 
fatigue. of first thread (screwed 

and sweated assembly) 


TABLE A.—MECHANICAL PROPERTIES OF THE FORGINGS SHOWN IN TABLE I 


Specification Limits 


vo 
Assembly | 
No. 


"Yield Break 


Component 
(Tons/sq. in.) 

Vessel 67-4/70-1 
End i 69 
End 


Vessel 
End 
End 
Vessel 

End 

End 


Elongation % 


22 (A), 26 (BE) | 


14 311-363 
Izod (av.) 


Brinell Izod (min.) 


(ft.-Ib.) 


(30/30/10) 


312/332 
317 


337 


Vessel® 69/67 
End 59 
End 64-5 


321/340 
312 


29-3/30-6 
36 
312 33 33 


® Basic electric steel. All other forgings are of acid open-hearth quality. For the transverse Izod values, two minimum specifications exist—22 ft.-Ib. for acid open- 


hearth and 26 ft.-lb. for basic electric. 


in the case of certain of the Izod values is due in the main to the different methods of manufacture. 


manufacture for this type of forging. 


80 


The marked differences which can be obsérved between the mechanical properties of the dome forgings, more particularly 


Most of the supplying firms adopt different methods of 


METALLURGIA 


RFs 
| — 
14-5/16 45/50 318/321 41/37 41-5/37-7 
1s 47 337 25 26 
: 20 bi 326 25 25-3 
Bee se ee 61/62 65/65 18-5/20-5 45/48 311/321 24/26 24-7/26-7 
62 68-5 18 48 341 38 38 
a 63-2 70-2 18-5 55 311 40 40-7 
; 65/61 69/66 46/185 416/50 24/30 25/30 
65 69-5 18 45 | | 32 34 
65 70 40 35 41-7 
Bee 74/73 15-5 45/46 
i 66 15 36 
; 69 16-5 | 52 


TABLE LL.—STATIC HY DRAULIC TESTS TO FAILURE OF ASSEMBLIES 
3 AND 4, AFTER PREVIOUS PULSATION TESTS 


Details of Test 
Assembly Stress Yield Burst 
vo relieving (Ib. /sq. in.) Remarks 
3 | None 6,100 6 A400 Threads sheared. Rear end 
| blew out. 
4 550 /65L° C. 6,050 6,700 Threads sheared. Front 


end blew out. 


blew out after 670 pulsations at 4,500 lb., shearing the 
screw-threads of the body, as previously described. 
The weld was, of course, torn from its seating by the 
force of explosion, some portions adhering to the end 
forging and others to the vessel wall (see Figs. 11 and 12 
below). It will ke appreciated that failure in this manner 
cannot be connected with the weld itself, which acts 
only as a seal and does not form part of the structure 
mechanically. Immediately failure commences in the 
weld, leakage must take place and the duration of dwell 
at pressure could not be maintained. Bursting, as 
described for assembly No. 2, however, is related solely 
to the failure of the body threads in fatigue. The 
unburst end of this assembly was sectioned through, 
Fig. 6, and shows a perfect illustration of the mode of 


Fig. 8.—Circumferential body fracture, failure com- 
mencing at root of first thread, but propagating through 
vessel wall. 


propagation of failure. That the fatigue cracking 
commences at the outermost root of the first thread is 
best seen in the section shown in Fig. 7, taken from a 
screwed and sweated assembly. Apparently, cracking 
then propagates along the screw-thread and continues 
to do so screw-wise up the joint. Further, while this 
form of propagation is taking place, the crack can 
propagate also, in a direction at right angles, to the 
innermost root of the thread above, resulting eventually 
in the end-forging blowing out of the assembly—a 
condition nearly approached in the assembly shown in 
Fig. 6. Another form of failure, only encountered once 
in the present investigation, is for propagation to con- 
tinue from the first thread (and even via subsequent 
threads), but for the process to be later discontinued, 
the path of failure ultimately being through the body 
wall—circumferential body failure (Fig. 8). 

It will be seen from Table I that assemblies Nos. 3 and 
4 withstood the cycles at 3,000 and 4,000 Ib. pressure. 
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They were then subjected to static bursting tests and 
the results are shown in Tabie II. As previously men- 
tioned, owing to the fatigue which the system had under- 
gone in each instance, failure was by parting of the body 
threads and was not of the button-hole fracture type. 
Figs. 9 and 10 show the two assemblies after bursting, 
respectively at the rear and front ends—it will be 
observed that the design of the vessel or body is different 
at the front and rear ends, but this difference occurs 
only outside the joint zone. Figs. 9 and 10 are typical 
of pulsation bursts, the stripping of the body threads 
being easily apparent. 

Hardness exploration.—One of the possible objections 
to the welding of low-alloy steels may be the hardening 
of the basis metal in the heated zone. To investigate 
this possibility, longitudinai sections (i.e, through the 
weld and screw portions) from the end-forging which 
had blown out (No. 2) and corresponding sections from 
the end of the vessel were cut and polished. The results 
of Vickers hardness exploration (30 kg. load) are shown 
in (a), (b), (c), and (d) of Figs. 11 and 12, the former 
showing vessel and the latter end (or dome) sections. It 
will be seen that the vessel material shows an average 
hardness range in the neighbourhood of the weld between 
305 and 360 V.P.N., with a few isolated points below 
300 and one or two up to 380. The specification shows 
a Brinell range of 311-363, equivalent to 320-374 
V.P.N. Thus, the highest hardness figures encountered 
after welding and subsequent failure are within 20 V.P.N. 


Fig. 9 -Rear end. 


Fig. 10—front end. 
Figs. 9 and 10.—Typical pulsation failures through 


parting of body threads. 
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Fig. 11.._Hardness exploration of vessel sections from 
assembly burst in pulsation test. 


of the upper limit of the specification and, it is thought, 
the specification could be modified to accommodate 
them without danger. Fig. 6 shows a similar state of 
affairs at the other (unburst) welded vessel-end joint 
of the same assembly. Similar results were obtained 
on sections from welded assemblies which had not been 
subjected to pulsation. It should be mentioned that 
the usual external Brinell tests on assembly No. 2 
showed the hardness range to be 302-321. 

Metallurgical examination.—To amplify the informa- 
tion obtained from the hardness exploration, sections 
were cut from the end-joint remaining after failure of 
assembly No. 2. The macro-structure of the weld over 
the end of the joint is seen in Fig. 13.. The two runs 
are readily visible and the weld appears to be homo- 
geneous. It is the structure of the adjacent heated zone, 
however, which is of greater importance with regard to 
pulsation life and this aspect is covered in the micro- 
sections shown in Figs. 14-20. The weld-basis steel 
junction is shown in Figs. 14 and 15, respectively at 

250 and x 50. The former illustrates the martensitic 
structure (undoubtedly tempered to some extent) of 
the nickel-chrome-molybdenum steel in the region of the 
weld—i.e., in the zone of slightly increased hardness. It 


Fig. 12. Hardness exploration of end-forging sections 
from assembly burst in pulsation test. 


must be pointed out, however, that the structure is 
“no more martensitic ’’ than that observed in numerous 
examinations of vessel material. Further from the 
weld, this somewhat coarse structure merges into a 
finer structure—lower half of Fig. 15—the “ perfectly ” 
tempered appearance of which is seen at higher magnifi- 
cation in Fig. 16 (x 250). This fine zone merges eventu- 
ally into the parent metal structure, as in Fig. 17 (x 50). 
The merging appears to be most rapid in the middle of 
this field and this zone is seen at higher magnification in 
Fig. 18 (x 250), in which the upper half appears to be 
of a more tempered character than the lower (i.e., 
further away from the weld). Fig. 19 (x 250) shows the 
structure of the parent metal itself, well away from the 
heat affected zone, and it leaves something to be desired 
from the material standpoint. The martensite appears 
to be only lightly tempered, although less coarse than 
that of Fig. 14, but there is a suggestion of the presence 
of retained austenite. Nevertheless, this material had 
previously been shown to give mechanical properties 
well within specification requirements. It would seem, 
therefore, that the structural changes brought about by 
heating in the welding operation can de little or no harm 
to the subsequent performance of assemblies. 
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It is seen from Fig. 13 (x 4) that 
very little of the basis metal is 
melted in the welding operation, the 
interface being visibly unchanged. 
There is, however, a suggestion of 
austenite in the martensitic struc- 
ture of the basis metal immediately 
adjacent to the weld interface (Fig. 
14). The structure of the weld itself is 
preserved practically to the interface 
(Fig. 15), while the slight demarca- 
tion of the two runs of the weld, 
previously remarked upon in Fig. 13, 
can be observed microscopically in 
Fig. 20 (x 50). The two apparently 
cored zones appear to merge perfectly, 
one into the other. It must be ap- 
preciated that the stress-relieving 
treatment will have little effect on 
the structure of the weld metal. 

In brief, macroscopic and micro- 
scopic examination show no really 
disturbing features from the metal!- 
urgical standpoint. Puisation tests 
have shown that the presence of 


the heat affected zone does not of weld. 

detract from satisfactory perform- 

ance. Particular attention is drawn to the fact that the 
weld, which is readily seen to be unimpaired—even 
microscopically—lies at the head of a joint, the inner- 
most body threads of which have already failed (Fig. 6). 
Actually, this efficient performance on the part of the 
sealing material is not surprising when the mechanical 
properties of heat-treated 18/8 are considered. The 
fully quenched material fi.e., from 1,100°C.) gives 
approximately an elastic limit of 20 tons and a tensile 
strength of 60 tons ‘sq. in., with an elongation in excess 
of 50°,. This condition can hardly be attained in weld- 
ing, but suitable heat-treatment in the range 300°-700° C, 
provides a compromise of mechanical properties which 
is eminently satisfactory. This aspect has been the 
subject of thorough investigation. For example, 
treatment at 650° C. gives respective figures of 29 and 
50 tons, with 40°, elongation—values many times 


Fig. 13..-Macrosection of ordinary fillet weld x 4 


Reduced } full size. 
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f Fig. 14.—Microstructure of basis Fig. 15.— General microstructure of 
the type of martensite observed in material in immediate neighbourhood basis material in weld region. x 50 


x 250 


better than could possibly be obtained from any form of 
solder joint. Performance in fatigue would, of course, 
run in parallel fashion. The temperature of such heat- 
treatment, which process in the present instance must 
also undertake the function of stress-relieving, should 
allow as great as possible a degree of diffusion in the cast 
structure of the weld, but should not be sufficiently high 
to promote martensitisation of the weld on cooling. By 
such change, elongation is reduced from 40-4°%, after 
treatment in the range 750°—975° C., but inferior results 
are obtained for a margin below the lower temperature.*3 
For this reason, 650° C. was stipulated as a maximum 
for stress-relieving treatment. Obviously, the temper- 
ing temperature of the basis metal should not be sensibly 
exceeded as a certain degree of hardening might result 
which would be fatal to satisfactory. performance in 
pulsation, especially of the highly stressed screw-thread 
zone. It will have been observed from Table I that 
assemblies which have not been stress-relieved after 
welding have shown as satisfactory performance after 
undergoing the severe limitations of pulsation testing 
as those which have been relieved prior to test. Never- 
theless, it would be foolish to omit such treatment. 
However well the low-alloy steel basis is able to with- 
stand fatigue after welding, every effort should be made 
to convert any hardened structure in the region adjacent 
to the weld to its previously tempered condition. 
Attention has recently been drawn to this feature, and 
especially to tempering when possible and to limiting 
the carbon content.*4 


Series 2.—Screwed and Sweated Assemblies 


The highly satisfactory results of series 1 notwith- 
standing, it was decided that no standard for true 
comparison existed until similar tests had been carried 
out on screwed and sweated assemblies and to arrange 


25 Hanson, 1., Cottrell. A. H., Winterton, K., and Crowther, P. D., 7’rans. Inst. 
Welding, 1944, 7, 44-54. 

24 Bucknall, E. H., Nicholls, W., and Toft, L. H., Symposium on Internal 
Stresses, Inst, of Metals, October, 1947, 551-365, 
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Tempered structure further Fig. 


Fig. 16. 
x 250 


from weld inter face. 


a further programme for welded assemblies after con- 
sideration of the results obtained. 

Four assemblies of type I and two of type II were 
available and the results of these screwed and sweated 
assemblies are shown in Table III. In this case, only 
satisfactory assemblies were used, each having passed 
all stages of inspection. The only variable was that 
different types of collar were incorporated in the various 
assemblies. It will be seen that the incidence of leakage 
is determined by the failure in fatigue of the solder 
fillet. Pulsation tests on each assembly were abandoned 
after a total of three screwing and sweating operations. 
Failure would appear to alternate between the two ends 
—e.g., if the forward end-joint has leaked, then, after 
re-sweating, the probability would be that leakage 
would next occur at the rear end-joint owing to its 
comparatively greater fatigued condition. (The drain- 
screw passes through the fillet at the forward end). 

TABLE ILI.—PULSATION TESTS AT WORKING AND TEST PRESSURES 

OF SCREWED AND SWEATED ASSEMBLIES 


Details of Pulsation 
Assembly | Type of | Pressure No. of Details of 
Type No. Collar |(Ib./sq. in.)| Pulsations Leakage 
I ) (i) 3.000 524 Drain-screw. 
| 3,000 11! Fillet at rear end. 
| 3,000 621 Drain-screw. 
6 (i) 3,000 741 Drain-screw. 
3,000 1,000 
} 4,000 10 Fillet at rear end. 
4,000 540 Drain-tcrew. 
7 (ii) 3,000 1,000 
| 4,000 16 Drain-screw. 
4.000 370 Fillet at rear end. 
4,000 310 Drain-screw. 
8 ‘iil) 3,000 20 Drain-screw. 
3,000 750 Drain-screw. 
3,000 650 Drain-screw. 
Il ” (iv) 3,100 640 Fillet at front end. 
3,100 995 Fillet at front end. 
: 4,150 16 Fillet at rear end. 
lu (iv) 3,100 852 Fillet at front end. 
3,100 4lu Fillet at rear end. 
3,100 1,000 
4,150 140 Fillet at front end. 


17..-Tempered 
merging into basis metal. x 50 


Test results are, to say the least, 
not encouraging. Briefly, the degree 
of reproducibility of the sweating 
operation would appear to be low and 
is in grave doubt as a means of high- 
pressure leak prevention, no one series 
of pulsations showing results com- 
parable with those of Table I. The 
type of collar onto which the end 
forging is screwed obviously has no 
bearing on the pulsation life. 

The de-tinning of sweated surfaces.— 
Owing to the apparently superior 
performance of welded assemblies, it 
was thought desirable to investigate 
the possibility of de-tinning already 
sweated assemblies and _ re-sealing 
by austenitic welding. The internal 
surfaces of the end-forgings and of the 
end zones of the body or vessel (to a 
distance of approximately 8 in.) of all 
sweated assemblies had been “‘ tinned ” 
(soldered) and thistin-bearing material, 
together with that in the threads and 
fillets had to be removed before weld- 
ing could be carried out. An 
examination of all known de-tinning 
processes was made and Clarke’s 
method® was found to be the only 
one practicable for this type of work. Both ends of 
each vessel were de-tinned in a 1°, solution of antimoni- 
ous oxide in hydrochloric acid and thoroughly washed in 
boiling water; actually, new untinned ends were 
inserted into the de-tinned vessels, since the safety 
factor of the end-forging with regard to bursting in 
pulsation was not in question and the de-tinning of the 
dome would have occupied considerable time. 


structure 


Series 3. De-tinned Vessels Fitted into Welded 
Assemblies (Groove Fillet) 

The vessels used were those previously tested in 
sweated assemblies, due note having been taken of the 
total number of pulsations which each vessel had under- 
gone. 

Method of welding—To simulate production condi- 
tions, a groove, similar in contour to the external sweated 
fillet of usual practice, was turned over the mouth of the 
joint. The austenitic welds described in series 1 were 
ordinary two-run fillets, built up against the spigot at 
either end of the assembly (Fig. 13), but this practice 
was now abandoned as such a fillet would interfere with 
certain dimensional aspects of inpection. Welds were, 
therefore, run in the machined groove, shown sectionally 
in Fig. 2la and Fig. 21b. Welding procedure was 
somewhat different from that for ordinary fillets. After 
pre-heating, the first layer was put down in eight seg- 
ments, as shown in Fig. 2le, using the restraining ring 
previously described (Fig. 5). Welding of the first run 
was with a 8-S.W.G. electrode at 140 amps. With a 
fillet of this design, it was not thought necessary for the 
second layer to be put down in segments and the second 
run was, therefore, put down continuously, using 
6-S.W.G. flux-covered electrodes of similar type to the 
first layer at 180 amps. Both runs were carried out 
with an open circuit transformer voltage of 100. It 


25 Clarke, 8. G., Analyst, 1934, 59, 525-528. 
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Fig. 18.—As Fig. 
x 250 


merging of zones. 


will be obvious that the ring-jig had to be omitted for the 
second run, but in no case was distortion observed on 
inspection. After air test, stress-relieving was carried 
out, except where otherwise stated. Finally, all groove 
fillets were machined to give the same depth as the 
machined solder fillet. The groove fillet after machining 
is shown in Fig. 22, which, incidentally, provides an 
excellent view in section of the stop-collar below the 
innermost thread. 

As has already been stated, the welds in the present 
series of investigations are not used in any sense for 
strengthening considerations, but solely for the purpose 
of sealing the joint. By virtue of its ductility and 
appreciable elastic limit, the austenitic material is able 
to take up and recover from a large number of cycles 


Fig. 19.—-Structure of basis metal 
tempered martensite with (probably) 
some retained austenite. x 250 


¢. 20.—Junction of runs in aust- 
enite weld metal of ordinary fillet. 
x 50 


of fatigue stresses at high (pressure) loads. Nevertheless, 
it was considered that optimum performance would be 
obtained with the weld deposited to give a good degree 
of penetration in the joint zone. Also, by laying the 
weld “ within ”’ the joint, the possibility of great localisa- 
tion of heat is withdrawn from the spigot wall, where 
distortion may ensue, and transferred to the zone of the 
joint where it can assist penetration. The writer would 
record his doubt, particularly where fatigue stresses are 
concerned, of the view that the strength of a fillet weld 
depends more on the size and shape of the fillet, rat her 
than on the degree of penetration at the root. 

Mention should also be made of the fact that all 
assemblies are fitted with drain-screws, at least two 
designs being used. They did not in any sense affect 


TABLE B.—MECHANICAL PROPERTIES OF THE FORGINGS SHOWN IN TABLE III 


Specification Limits 


55 | 
Assembly — 
Component 


(Tens/sq. in.) 


M4 - 


Elongation 


311-363 22 (A), 26(E) | 


Brinell Izod (min.) Izod (av.) 


(ft.-Ib.) 


| (30 30/10) 
341/368 


End 


® Basic electric steel. Remainder acid open-hearth. 
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For subsequent pulsation tests, after de-tinning, new end-forgings were fitted to the above vessels. 
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Fig. 21.—-Details of groove fillet weld. 
(a) Section of groove fillet weld. 
(b) Disposition of layers of groove fillet weld. 


-(c) Order of making groove fillet weld segments 
for first and continuous layers for second run. 


the pulsation tests, but in the present series, the plug 
was removed, de-tinned, and welded back into position. 
In no instance was the plug involved in failure of an 
assembly. 

Pulsation tests—The results of pulsation tests at 
working and test pressures are given in Table IV, the 
vessels being numbered as in Table III (since they are 
individually the same), but with an “A” suffix. The 


TABLE IV.—PULSATION TESTS AT WORKING AND TEST PRESSURES 
OF WELDED ASSEMBLIES, INCORPORATING DE-TINNED VESSELS 
FROM PREVIOUS TEST 


Previous Total | 
Pulsations Pulsation of 
(see Table Welded 
at Pressure Assemblies 
| Assem- |— 
Type | bly No. |Working| Test \\\ orking| Test Remarks 
I | OA 1,256 5,200 Given final straight 
burst—3,400 Ib./sq. 
| | in. Front end blew 
| | out, shearing vessel 
| | threads. 
6At 1,741 550 2,985 -- Given final = straight 
burst yield, 6,100 
burst, 6,700 Ib. 
Button - hole type 
fracture. 
7A® 1,000 696 | 3,683 - Rear end blew out. 
} 8A 1,420 | 1,920 Rear end blew out. 
i 9A 1,635 16 | 3,365 Withdrawn. 
| WA 2,262 Io | 2,532 | Final straight burst. 
| | Rear end blew out, 
| | shearing vessel 
threads. 


+ Not stress-relieved after welding 
® Pulsated at 3,000 Ib./sq. in., in five separate periods, with four rest intervals, 
Time of test-—19 days. 


results for the first two assemblies (Nos. 5A and 6A) 
are concerned solely with pulsation at 3,000 Ib. /sq. in. 
and, in order to save time, were eventually subjected to 
static bursting. The results are of interest in that a 
total pulsation life of 6,456 (1,256 + 5,200) at 3,000 Ib. 
for No. 5A resulted in shearing of the threads on static 
test, whereas a life of 4,726 at 3,000 Ib. + 550 at 4,000 
lb. in the case of No. 6A showed the screw-threads 
capable of resisting failure on static bursting, the button- 
hole type of fracture resulting. Again, No. 8A showed 
failure of the threads after 1,420 pulsations at 3,000 Ib. 

sq. in. + 1,920 at 4,000 lb. Assembly No. 7A is of 
interest with regard to the manner in which testing was 
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carried out. It is 
known, in the case 
of certain multi-run 
austenitic welds, 
that interface crack- 
ing frequently takes 
several hours to pro- 
pagate.24 No. 7A, 
therefore, was pul- 
sated at working 
pressure in five 
separate periods 
(with four rest inter- 
vals) extending over 
19 days. Duringrest, 
the assembly was 
left out-of-doors, 
often at tempera- 
tures approaching 
freezing. Its pulsa- 
tion life, 4,683 (3,683 
after welding) at 
working + 696 at 
test pressure, can 
only be regarded as 
highly satisfactory. 
No sign of cracking 
could be detected 
in the welded zones. 
The two assemblies 
of type II (Nos. 
9A and 10A) also gave excellent performance. 
Comparison of Tables ITT and IV illustrates the marked 
superiority of the welded over the sweated assemblies, 
the life of the former in pulsation proceeding in an 
uninterrupted manner for a period determined essentially 
by design considerations, whereas life in the latter case, 
although governed in the same manner, would only be 
determined after a large number of re-sweating opera- 
tions (with attendant assembly) had been carried out. 
The latter aspect is obviously of the greatest importance 
in considering the useful service life of the assembly. 


Fig. 22.—Section of groove fillet 
after machining. 


Series 4.—New Assemblies, Comprising New 
Forgings, Fitted, Assembled and Welded (No 
Sweating) 


Two each of types I and IT hollow forgings were fitted 
dry with dome forgings, welded as previously described, 
and stress-relieved. One assembly of each type was 
pulsated for 1,000 cycles at working pressure, followed 
by 1,000 at test pressure, and, finally, pulsated to 
failure at a pressure of 500 Ib./sq. in. in excess of the 
respective test pressure. The remaining two assemblies 
were subjected to straight bursting tests. The results 
for both series of test are recorded in Tables V and VI. 

The reference to “ fitting dry” is of importance in 
this instance. Normally, in screwing, and particularly 
in the case of screwing and sweating, a lubricant is used. 
In the screwing and sweating practice described above, 
the lubricant used was tallow. Subsequent to the 
present investigation, tests were carried out with a view 
to automatic austenitic welding. Where tallow had 
been used, even in small amounts, for fitting, the result- 
ant weld showed cracks of an alarming character 
(undoubtedly due to carbon pick-up), while those 
assemblies screwed dry and welded were eminently 
satisfactory. 


METALLURGIA 


- 


It will be seen from Tables V and VI that the 1,000 
cycles at working and test pressures were withstood for 
both types, although it was suspected from the results 
of Table II that fatigue cracking had by this time 
commenced or was about to commence. In other 
words, 1,000 cycles at working pressure, followed by 
1,000 at test pressure, constitutes approximately the 
pulsation life of assemblies of either type. It must be 
appreciated that, once in service, the working pressure is 
not exceeded and, of course, the number of times in 
which an assembly is “ blown up and down” in its 
service life would never reach 1,000. The aim of the 
present investigation was to effect a sealed joint, capable 
of withstanding a great number of reversals at high 
pressure and whereby leakage would not occur during 
normal life. 


TABLE V.—PULSATION TESTS ON NEW WELDED ASSEMBLIES 


(NO PREVIOUS SWEATING, ETC.) 


Details of Pulsation 


Pressure 


Number 
Ib. /3q. in. 


Remarks 


Assembly 
vO. 


Rear end blew out, shear- 
ing vessel threads. 


Front end blew out, shear- 
ing vessel threads. 


TABLE VI.—BURSTING TESTS ON NEW WELDED ASSEMBLIES 


Details of Test 
(Ib. /sq. in.) 


Assembly 
. Yield Burst Remarks 
Button-hole fracture on 
vessel, 
As above. 


6,725 


Conclusions 


1. The sealing of the joint of an air-vessel assembly 
of low-alloy steel by austenitic welding, as opposed to 
sweating, is a practical proposition, although it is 
recommended that the weld, which functions only as a 
seal, be tested for soundness by external examination 
with the assembly itself under a slight positive air 
pressure. 

2. The austenitic weld has ample strength and 
ductility to withstand the demands of pulsation. In 
no instance was there evidence of failure of the weld 
prior to that of the low-alloy steel screw-joint. When 
the screw-joint fails in pulsation, the end-dome is blown 
out, shearing the weld metal in so doing. Improvement 
in the fatigue life of the system, therefore, can only be 
effected by improvement in design of the joint. The 
results of tests show the effectiveness of the austenitic 
weld seal to be far in excess of that of a solder fillet. 

3. Blowing-out of the end occurs only when the 
vessel threads become fatigued to failure. Straight- 
bursting tests of welded assemblies result in the ‘* button- 
hole” type of fracture-——observed also in the case of 
screwed and sweated assemblies similarly tested. 

4. Assemblies which had been rejeced on inspection 
for slackness of fit to as much as 0-024 in. between vessel 
and end gave satisfactory performance on pulsating 
under pressure when sealed by means of austenitic 
welding. 

5. It is possible to remove by chemical means all 
traces of solder from screwed and sweated assemblies 
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and to effect satisfactory welding of the assemblies so 
treated. 

6. Austenitic welding of air-vessel assemblies, with 
adequate pre-heat and followed by suitable stress- 
relieving treatment, involves neither inferior metallur- 
gical condition nor dimensional distortion. It should, 
perhaps, be stressed that the end or dome forgings were 
screwed on to a stop-collar at the base of the vessel 
thread in all instances. 
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Appendix 

To obviate any possibility that the performance of 
any assembly, as compared with another, may be due to 
the mechanical properties of any of the component 
forgings, it was thought advisable to record the proper- 
ties of all the end (dome) and vessel forgings used in the 
above investigation. As stated previously, all the 
forgings used were to mechanical specification and, once 
that condition is satisfied, it is thought that the very 
slight differences in pulsation performance were related 
essentially to minor mechanical differences—e.g., slight 
variations in the degree of finish at the base radius of the 
buttress thread, were particularly at the root of the 
first thread. A general overall degree of finish being 
assumed, desirable mechanical properties become the 
main requisite and this undoubtedly accounts for the 
performance of the series of assemblies rejected for size. 
It should be noted that transverse, and not longitudinal, 
properties are called for in the case of both dome and 
hollow vessel forgings. 

The double values recorded for the various mechanical 
properties of each vessel represent the results of tests on 
material from both ends of the forging. However, 
Table B—mechanical properties of forgings used in the 
tests indicated in Table I1]—average values are given 
in most cases. : 


Blast Furnace Contracts 


ASHMORE, Benson, PEAsE & Co., Lrp., Stockton-on- 
Tees, have been awarded two important blast furnace 
contracts. The first contract is for the Polish Govern- 
ment, and is for equipment for a furnace designed by 
Ashmores’ American Associates, The Freyn Engineering 
Co. 

The second contract is for the re-building of the No. | 
Furnace of the Cargo Fleet Iron Co., Ltd. This will be 
the second furnace at this plant to be modernised, and 
the work forms part of the overall plan for the extension 
of the British Steei Industry. 

Ashmore, Benson, Pease & Co., Ltd., have made a 
vital contribution to the programme of the Steel 
Industry’s re-construction, and, at the same time, found 
it possible to undertake extensive contacts for blast 
furnaces abroad. Some idea of the Company’s record 
can be judged by the fact that, in the period 1929-1948, 
they completed thirteen blast furnaces at home, five in 
Africa, and two in Turkey. At the present time, they 
have five blast furnace contracts in hand for the U.K., 
and three abroad. 
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Correspondence 
Copper and Copper Alloys 


To the Editor, METALLURGIA. 
Dear Sir, 

I feel honoured that, in his review of technical progress 
in 1948 on copper and copper alloys in your December, 
1948 issue, Dr. Voce has referred to an article of mine 
on the influence of cast test bar design on the results of 
tensile test on tin bronze,’ but I regret that I cannot 
quite agree with his appreciation of my conclusions. 

The scope of my note was only to compare test-bar 
design for practical use in the industry and not for 
scientifical research, but the practical man and the 
inspecting authorities must have reliable means to 
ascertain the quality of the melts and of the castings, 
and it is in this regard that my conclusions have been 
drawn. 

I did not, as Dr. Voce says, recommend a test bar of 
cruciform section because it gives high values, but 
because it gives more regular values, the spread of the 
series of tests studied being lower than the spread with 
other designs of test bars (deviation from the average 
value 0-6 ton/sq. in. instead of 0-8-1-3 ton/sq. in.). 

This was the reason why the French Navy, the French 
Railways and, more recently, the French Normalisation 
Association (Afnor), adopted this form of test bar. 

Now, I should like to point out that more recent tests 
led me to the conclusion that this form of test bar is also 
better to assess the quality of a melt ; the results of a 
tensile test on a cast bar can be affected principally by 
two sorts of defects: gas and shrinkage. The cruciform 
section ingots are as sensitive as other test bars to gas 
unsoundness, but the cylindrical bars machined out of 
the wings are not affected by the shrinkage. 

This opinion has been checked recently when we cast 
test bars from one melt, some before and some after 
degassing by scavenging with nitrogen and machined 
cylindrical bars for the tensile test both out of the wings 
and out of the centre. I had the pleasure to give some 
particulars about these tests at the “‘Symposium on 
Metallurgical Aspects of Non-Ferrous Metal Melting and 
Casting of Ingots for Working,’ held by Institute of 
Metals in London—March 31, 1949.? 

If a tin bronze shrinks, the practical man as well as 
the theorist can be satisfied with the melt. It is the duty 
of the designer to design the castings and of the foundry- 
man to feed them and control the pouring rate so as to 
avoid any shrinkage troubles. But if the melt is gassy 
it has to be degassed, if the castings are to be sound, 
whatever their shape may be. 

I agree with Eastwood and Kura’s conclusion,* 
published about the same time as my paper, when they 
say that the only factor determining the variations in 
the microporosity of a test bar ought to be the gas 
content of each individual melt, and I consider that the 
cruciform section bars fills fairly this condition. 

Nevertheless we also appreciate different sort of tests 
and particularly the discs advocated by Baker and Child 


1 Blane, G., “ Influence of Cast Test Bar Design on the Results of Tensile Tests 
on Tin Bronze.” Fonderie, No. 19, Juillet, 1947, pp. 721-730. 

2 Blanc,G, Full particulars about these experiments will be published. ‘* Degas- 
sing of Bronze Melts by Scavenging with Nitrogen.” Fcnderie, No, 43, Juillet, 


1949. 
3 Eastwood and Kura, “ A Comparison of Test Bar Designs Cast in 85-5-5-5 
Alloy.” The Foundry, Vol. 75, No. 8, August, 1947. 


to check the absence of microporosity as a result of 
microshrinkage combined with gas evolution, but such 
tests have to be made on a sufficient number of dises 
to give a statistical indication. 

Yours faithfully, 

(Signed) GzorGEs Banc, 

Centre Technique des Director of Research. 
Industries de la Fonderie, 
Paris. 
May 11, 1949. 


To the Editor, METALLURGIA, 
Dear Sir, 

In the light of the letter which M. Blanc has written 
to you, it is evident that my remarks concerning his 
paper were most inappropriate. I can only apologise, 
pleading that I was misled by several abstracts and 
condensed translations, none of which made it clear that 
he was concerned with reproducibility of results rather 
than with absolute values. He will not deny, I think, 
that the cruciform bars gave on the whole higher as well 
as more consistent figures for tensile strength and 
elongation than the others. 

M. Blane’s experiments were comparable in object 
with those of Hudson (Foundry Trade J., 1946, 79, 185) 
which formed the basis for the advocacy of the wedge or 
keel type of test bar by the British Standards Institution 
in their recently published “‘Code of Procedure in 
Inspection and Testing of Copper-base Alloy Sand 
Castings ’’ (B.S. 1367, 1947). Hudson did not examine 
a vertically cast cruciform bar like that of M. Blanc, 
but otherwise the conclusions of the two investigators 
are in substantial agreement, since both found keel bars 
to give more consistent figures than cylindrical ones fed 
from the ends. 

I am in entire agreement with all that M. Blanc 
says in his letter, and trust that he will forgive any 
slight I may inadvertently have cast upon his work. 

Yours faithfully, 
E. Voce. 
Copper Development Association, 
Kendals Hall, Radlett, 
Herts. 
May 17, 1949. 


Welding Abstracts 


Tue International Institute of Welding, founded last 
year with the support of the welding societies of eleven 
countries in Western Europe, North America, South 
Africa and Australasia announce the approaching 
publication of a quarterly “ Bibliographical Bulletin 
for Welding and Allied Processes.”’ 

The preparation and printing of the Bulletin has been 
undertaken by the French Institute of Welding, and 
all members of the International Institute are co- 
operating in furnishing abstracts of welding literature 
published in their own countries, for inclusion in the 
Bulletin. It will be printed in English and French. 

Publication is expected to begin this month, and 
distribution in Great Britain is in the hands of the 
Institute of Welding. The annual subscription is £2 5s., 
which is specially reduced to £1 6s. 6d. for members of 
the member societies of the International Institute of 
Welding. Orders and enquiries should be addressed to 
the Secretary of the Institute of Welding, 2, Buckingham 
Palace Gardens, London, S.W.1. 
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The Iron and 


Steel Institute 


Annual General Meeting, 1949 


The activities of the Iron and Steel Institute are increasing year by year and some 
indication of its service to the industry and the lively interest in its work is the fact that 


membership is very near to the 5,000 mark. 


Its success is largely due to the enthusiasm 


of its officers and members and to the wide range of work it presents for discussion at 

its meetings. The work presented at the recent meeting resulted in considerable discussion 

and in the following notes it has only been possible to summarise the more important 
features. 


Institute was held in London on April 27th and 
28th. The sessions on the 27th were held in the 
Central Hall, Westminster ; and that on the following 
day at the Institution of Mechanical Engineers, Storey’s 
Gate. Sir Andrew McCance, LL.D., D.Sc., F.RS., 
President, was in the Chair, except during the discussion 
of the last paper at the afternoon session on the 27th, 
when the chair was taken by Dr. C. H. Desch, F.R.S. 
At the initial meeting the President extended a very 
cordial welcome to all the members and visitors who 
attended the meeting and then proceeded with the 
ordinary business, a good deal of which was on the 
agenda. The first item was the Report of Council. In 
referring to it the President said that, on the whole, it 
had been a successful year. The membership increased 
by nearly 500, and at the end of the year exceeded 4,900. 
It is expected that, by the end of the present year, a 
membership of 5,000 will be exceeded. Continuing he 
referred to the scheme for National Certificates in 
Metallurgy which he believed had received more support 
than was expected by the Ministry and others concerned. 
He mentioned that the Joint Committee on Metallurgical 
Education is engaged on an extensive inquiry into the 
qualifications of those who have studied metallurgy at 
universities and technical colleges, and the way in which 
these young men meet the requirements of the industry. 
Attention was drawn to the valuable prizes and scholar- 
ships which the Institute awards, notably the Carnegie 
Research Scholarships, including the travelling scholar- 
ships, details of which are available from the Secretary. 
It has become necessary to increase the standard rate 
of subscription for members by one guinea a year and for 
associates by ten shillings, and with this in view, amend- 
ments to the Bye-laws were proposed and carried 
unanimously which have the following objects: (1) 
To confirm the increase in the subscription rates ; (2) 
to make it possible in future for subscription rates to be 
changed at a general meeting of members: and (3) to 
establish the class of Associate Member. 


Te eightieth annual general meeting of the above 


Award of the Bessemer Gold Medal 


In making the presentation to Professor J. H. Andrew 
0° the Bessemer Medal for 1949 Sir Andrew McCance 
nentioned that Professor Andrew was originally trained 
ir Manchester and had quite a number of years’ experi- 
eice with the Armstrong Whitworth Company before 
deciding to take up an academic career. His first 
a ademic post was as Professor of Metallurgy at the 
T chnical College in Glasgow, and Sir Andrew had many 
h.ppy recollections of his occupation of that position. 
Fom Glasgow Professor Andrew went to Sheffield 
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University and having settled down in that centre of 
steel industry, he had entered into the task of training 
metallurgists with enthusiasm. He was among the first 
who insisted that, irrespective of whether a student was 
ultimately to take up industrial or academic work, a 
training in research work was a useful addition to his 
course at the University. To-day that opinion was 
universally accepted. 

The President did not attempt to refer in detail to 
Professor Andrew’s researches, but thought it interesting 
to recall that one of his very first papers dealt with the 
subject of nitrogen in steel and the relation between 
gases and metals, and in some of his latest and most 
successful work he had returned to the same subject, 
and were greatly indebted to him for the very excellent 
work which he did in trying to unravel the intricacies of 
the relation between hydrogen and metals. It gave him 
very great pleasure to ask Professor Andrew to receive 
this medal. 

Professor J. H. Andrew, in reply, said he would like 
first of all to thank the President for the very kind words 
he had used in making the presentation, and to thank all 
those present for the way in which they had associated 
themselves with the President's remarks. Professor 
Andrew regarded the honour not only as valuable but 
as being significant of a friendship between the Institute 
and himself after a membership of 38 years. Like 
many of the older metallurgists, he was trained as a 
pure chemist and spent about ten years at the University 
of Manchester. When he went to Manchester in 1904 
metallurgy was still in its infancy, and when Sir Harold 
Carpenter was appointed as the first professor in 1906 
he was his first and only student. It so happeaed that his 
first paper was published jointly with the first member of 
his staff, now Professor Edwards, of Swansea. Their 
laboratory boy, who was always regarded as exception- 
ally bright had now a very lucrative and excellent 
consultant practice in the Midlands. 

Leaving Manchester he joined the works of Sir W. G. 
Armstrong & Whitworth as leader in their research 
department, where he had the good fortune to have as 
his chief Mr. E. F. Law, who had been a member of the 
Institute for forty years or more. 

At the end of the first world war he went to the Royal 
Technical College, Glasgow, as Professor of Metallurgy. 
He thought that Sir Andrew McCance was very largely 
responsible for his return to academic life, and wished 
to record his indebtedness to him. He remembered the 
very happy talks they had together, discussing metal- 
lurgy in their own homes. Those talks were always 
extremely inspiring to him, and helped him more than 
he could say ; they would always be very happy memories. 
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After being at Glasgow he was appointed to the Chair 
at Sheffield, and here again he had met with much kind- 
ness and a co-operative industry. There are two names 
which he specially wished to mention, of Sheffield men 
to whom he owed a very great deal. One was the 
Bessemer Medallist of 1948, Mr. W. J. Dawson, and the 
other Mr. Burton, of English Steel Corporation. Not 
only had they been very good friends, but they had 
taken a very live interest in his work. 

While the success of a scientist depended partly on 
himself, it depended more on those who assisted him, and 
he wished to record his indebtedness to his staff at 
Openshaw, at Manchester, at Sheffield and at Glasgow, 
and also to thank all those, more than fifty different 
research workers, whose names had appeared with his 
on published papers. Those were the men who had 
really gained for him the Bessemer Medal. He thought 
that that applied to most scientists ; their success was 
due not so much to themselves as to the helpful colleagues 
that they had round them. 


Other Awards 

The President presented further awards made by the 
Council including: The Sir Robert Hadfield Medal to 
Mr. M. W. Thring, M.A., F.Inst.P., head of the Physics 
Section in the British Iron and Steel Research Associa- 
tion; the Williams Prize to Mr. J. 8. Bryan, A.M.L.C.E. 
for his paper, with Mr. J. B. R. Brooke, on ‘‘ Gaseous and 
Liquid Fuels in Iron and Steel Works ”’; Ablett Prizes 
of £50 each to Mr. G. 8. Martin, of the Lanarkshire Steel 
Co., Ltd., and Mr. M. Y. Harvey, of Messrs. Colvilles, 
Ltd., for their paper ‘‘ Maintenance of Electrical 
Machinery for Iron and Steel Works.” 

In connection with the latter prizes, the President, on 
behalf of the Council and members, expressed their 
indebtedness to Captain Ablett for his generosity in 
giving these prizes to the Institute, and announced the 
Council's decision that he be elected an Honorary Vice- 
President of the Institute as a token of recognition of 
all the work he had done to further the interest of the 
younger members in the work of the Institute. 

Andrew Carnegie Scholarships have been awarded to 
Mr. P. L. Chang, for the study of diffusion in steel at 
elevated temperatures, and to Mr. G. R. Bish, for the 
study of the effects of cold-working and the austenite- 
martensite reaction during the isothermal transformation 
of steel. 

Changes in the Council 

The Secretary announced the following changes in 
the Council since the last General Meeting : 

Hon. Treasurer—Mr. James Mitchell, C.B.E. 

Vice-President—The Hon. R. G. Lyttelton. 

New Honorary Members of Council—Mr. A. Roebuck, 
President of the Sheffield Metallurgical Association, in 
place of Dr. C. Sykes, F.R.S.; and Dr. D. Binnie, 
President of the Manchester Metallurgical Association. 

The following officers were re-elected : 

Vice-Presidents—Captain H. Leighton Davies, Mr. 
G. H. Latham and Mr. J. Sinclair Kerr. 

Members of Council—Mr. T. Jolly, Mr. F. Saniter, 
Mr. W. F. Cartwright, Dr. J. W. Jenkin and Sir Arthur 
Matthews. 

TECHNICAL SESSIONS 

Considerable interest was taken in the ten papers and 
reports presented for discussion. The range of subjects 
was wide and in length of papers and extent of discussion 
they probably exceeded that of previous meetings and 


indicated lively interest in the subjects chosen. In the 
following notes an effort has been made to summarise 
both papers and discussion. For the complete papers, 
readers are referred to the Journal of the Iron and Steel 
Institute in which complete discussions will also be 


published. 


THE CONVERSION TO OIL FIRING OF THE OPEN- 
HEARTH FURNACES AT PARK GATE WORKS 


By D. F. B.Se., Ph.D., and H. C. Wuatre 


"THE object of this paper is to give an account of 

the experience gained during the conversion of a 
complete open-hearth shop to the use of oil fuel. The 
subject is dealt with from a complete shop aspect as 
distinct from a discussion of individual units, since it 
became clear, at an early stage, that the results obtained 
on one unit were very largely affected by conditions 
governing the whole of the shop. After briefly describing 
the open-hearth plant the reasons for making the 
conversion are discussed and some consideration is 
given to the properties of the principal available fuels. 
The details of the fuel-oil plant and the methods adopted 
in making the conversion are outlined. A comprehensive 
system of instrumentation has been used to apply a 
simplified operating technique to hand-controlled 
furnaces. The methods of furnace control adopted and 
the organisation required to ensure that the best use 
is made both of furnaces and of instruments, are 
given in some detail. 

The operating results over a period of 57 weeks are 
presented and discussed under three main headings, 
shop layout, type of charge, and furnace performance. 
Under the last heading consideration has been given 
to the quality of the scrap and to the constitution of the 
charge. The flow characteristics of three types of burner 
and details of the influence of roof temperature on the 
rate of furnace working are given. The life of the refrac- 
tories used is indicated; and the essentials for fully 
automatic furnace control are stated. 


Discussion 


Dr. D. F. MarsHatt, who presented the paper, said the 
objects of the conversion were to increase the outputs of 
existing units and to make possible the operation of the 
continuous working week. Some indication of the progress 
made was given in the following Table, which was a com- 
parison of shop outputs in similar periods of four con- 


secutive years. 


| No. of Shop 
Year | | shifts | Total | No. of Shop output 
(13 weeks Fue! | per week output | furnaces out put corrected 
of first | | with | ingots working | Av./week to 
quarter) fuel on Tons Av./ week ‘Tons 7-5 units 
1946 | Prod. Gas 195 | 58930 | 7-3 4,530 4,654 
IM7 Prod. Gas 19} =| 58,113 | 7-2 4.470 4,656 
19S =| 1 Pee on | 20 | T3055 70 5,620 6,021 
| Prod. Gas 
Siceson | | 
oil 
1949 Oil Fuel 21 81,980 7-5 6,306 6.506 


Mr. R. W. Evans, who opened the discussion, thought the 
paper showed skill and experience and ingenuity which 
are required in developing steelmaking processes. On one 
or two points he had some suggestions and slight criticism. 
It would have been helpful, for instance, if the authors had 
given the furnace capacities and probably the hearth areas 
to which they refer. It would also have been useful to 
know the analysis of the hot metal used. He thought the 
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authors right in emphasising the standardisation of instru- 

ments and controls. His experience did not confirm the 
greater foaming troubles with oil-firing, but agreed with the 
importance of trying to find some method of establishing 
the radiation properties of open-hearth flames. On the 
question of roof life, one would expect that with the lower 
roof used there would be a lower fuel consumption and 
he asked the authors if that had been their experience. He 
also sought information on the effect of sulphur on the steel 
from the relatively high sulphur fuel oil. 

Dr. T. P. CotctoveH congratulated the Park Gate 
Company and the engineers on the very short period 
occupied in making the change-over from gas to oil-firing 
for a complete shop of nine or ten furnaces. Speaking of the 
oil-firing equipment he commended it for simplicity, ease 
of construction, ease of operation, and, he thought, low cost 
of operation. He thought the part of the paper giving a 
discussion of the results could be accepted as technical 
common sense and extremely valuable, but was disturbed 
at some of the diagrams in which the authors had tried to 
establish relationships between things which have no 
relationship. He particularly referred to the curve intended 
to show the relationship between oil consumption per ton 
of steel and percentage of hot metal in the charge which he 
regarded as misleading. The most valuable parts of the 
paper are those in which the authors lay down the condi- 
tions to give the best results, they are commended to all 
interested in open hearth furnaces. In his concluding 
remarks Dr. CoL_cLouGH made a plea that there might be 
some relaxation of the ban on the introduction of cost 
figures in a paper of this sort; it is quite easy now for 
technical men to express costs in pounds per ton, man- 
hours per ton, electric power per ton and so on. Referring 
to this plea the PRESIDENT said there was no actual ban on 
the publication of cost figures ; it was largely a question of 
encouraging an attitude rather than of removing a ban. 

Mr. R. A. Hacxine supported previous speakers in 
congratulating the authors on an excellent paper and the 
Park Gate Company on making the bold decision to convert 
to oil, and what is more important, to convert the shop as an 
entity. The authors certainly bring out the simplicity of the 
instructions given to the furnace crews, and they emphasise 
the simplification of those arrangements which resulted 
from laying down the rule of a constant air flow. While 
this is commendable, it does introduce the difficulty that 
at the period of the charge, when he had always understood 
that the amount of excess air should be at a maximum— 
that is, during charging and cutting down to a flat bath— 
under the rules laid down at Park Gate it is in fact at a 
minimum. He asked whether any trouble had been 
experienced in getting steels down to conform with rigid 
sulphur specifications. In the case of flat-rolled products 
destined for rolled production, with limits of 0-025% maxi- 
mum some of the time and 0-030% maximum all the time, 
it has been found necessary to ensure that the amount of 
combustion air in excess of theoretical requirements is 
greatest during the period when materials in the bath are 
exposed and not covered by a slag blanket. 

Another point Mr. HackInG raised concerned the design 
of port used. He appreciated that water difficulties at 
Park Gate are rather serious, and that there was reluctance 
to go over to the fully-opened single air intake with the 
burner sticking across it and all the steel water jacket 
exposed, but, looking at the photograph of the port block, 
tie amount of brickwork there seems rather more than is 
nocessary, and it would seem to preclude ready access of 
combustion air to the under side of the atomised oil stream. 
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Dr. J. H. CHESTERS in a communication read by 
Mr. I. M. D. Hattrmpay complimented the authors and the 
Company on an excellent job. In connection with instru- 
mental control, he thought it would be interesting to know 
whether the authors feel that automatic control wiil add 
anything to the results which they have obtained by closely 
supervised manual control. He thought the figures quoted 
for the effect of roof temperature on output most en- 
couraging. His confidence in the extreme importance 
of roof temperature was increased by results obtained 
recently with an all-basic furnace, where a relatively small 
rise in roof temperature was associated with a marked 
increase in output. He was glad the authors emphasised 
the lack of adequate charging facilities being a serious 
bottle-neck ; a good deal of experimental work will be held 
up unless something is done to improve charging facilities. 
In conclusion he questioned the statement on the foaming 
of slags being a more serious problem, since he had the 
impression that oil flames were highly luminous and that 
luminosity was one of the main guarantees against undue 
foaming. 

Mr. G. W. ALLAN, after some fourteen years in using 
coal, did not feel elated at the producer being regarded as 
a bottle-neck and referred to tests on a Morgan producer 
with a view to improving the furnace output. Modifications 
were made to the producer to give a gas exit pressure of 
5 in. w.g. and to effect better coal distribution. Both gave 
good results, and in one place, where one producer served 
one furnace, the gas rate was actually shut down, which 
removed it from the invidious position of being a plant 
bottle-neck. In comparing roof lives, he did not think the 
authors had been quite fair because, in changing from gas to 
oil, roof temperature recorders were installed, which are a 
great help in preserving roof life, whereas with gas these 
instruments were not installed. Dr. A. H. Leckie 
supported Mr. Allan’s plea for the producer, because he 
thought that, if all the time and effort spent on instruments 
and controlling oil-fired furnaces had been given to gas-fired 
furnaces, gas might have shown up better, so that those who 
are going on with producers need not feel discouraged. 

Continuing Dr. Leckie thought that Dr. MarsHaLi 
need have no fear about water cooling with a long exposed 
oil burner, because that oil burner can be withdrawn so 
that it just sticks in through the end wall of the furnace and 
very good control of the flame is still obtained. The 
dog-house form of construction is out of date, so that the 
authors need not worry about making the alterations which 
doubtless they would like to make. In the melting rules 
the authors say that while the roof is below top temperature 
the melters have instructions to put on maximum oil, but 
there is no control on the combustibles in the outgoing 
gases, and Dr. LEcKIE wondered what means are adopted 
to ensure that the maximum oil gets burnt in the furnace. 
The authors had given the most convincing reason he had 
yet heard for the use of constant air throughout, but what 
a challenge it was to furnace designers and operators if the 

furnace would not yet be made tight enough for it to matter 
what amount of air was put in. 

Mr. T. W. Hanp confined his remarks to some general 
observations but commented on one point. The authors 
point out in Table 1, that for equal heat release the volume 
of resultant gases is only about 75% in the case of oil that 
it is in the case of producer gas. Does that explain why 
old-type furnaces have apparently done so well on oil? In 
the long ran economics have to be faced and in that respect 
their experience has been a little disappointing, as they have 
found that, on a strictly comparable basis, taking into 
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account the relative value of the two fuels, producer gas 
still has the advantage. 

Mr. A. T. Arrken described practice at the Dalzell works 
of Colvilles, Ltd. and said that in furnace design they are 
now gravitating to the single central uptake, with the burner 
or even twin burners through the straight end, box-like 
superstructure. With their earlier practice of doghouse 
design they found that maximum flame development did 
not occur until the outgoing bank or last door of the furnace ; 
consequently, half the roof would be at the safe working 
limit, while the incoming half would average up to 100° C. 
lower. This levelled out during the refining stages. On 
oil consumption, he said, their overall consumption at 
present is in the region of 39-3 gal./ton. Allowance of 
4 gal. ‘ton is made for water cooling, 1-2 gal./ton for ladle 
heating and | gal. /ton for heating up and asked the authors 
if they thovght by using 35°, hot metal consumption of 
oil might be dropped by 7 gal./ton. 

Dr. D. F. MarsHau in reply, said most of the points 
raised would be dealt with in writing. Mr. Evans asked 
for an analysis of the hot metal, which is as follows : 


Yo the From mixer 
mixer to furnace 
Silicon 
Sulphur OF 4-0-6 
Manganese 1-1°5 og 


He thought that more foaming slags with oil than with 
producer gas was due to the condition of their steam. He 
believed that the steam had not sufficient superheat, and 
under those conditions one tended to get foaming. He 
thought that the only effect which the low roofs have had on 
the working of the furnaces has been to limit the flow of 
oil and not markedly to affect the fuel consumption. They 
had one furnace with a relatively high roof with a low 
fuel consumption. There does not seem to be a direct 
relation between roof height and oil consumption. 

With regard to sulphur removal our practice with 
producer gas has repeated with oil so far as sulphur removal 
is concerned, and we are working with products requiring 
0-025-0-04%, sulphur in the final product. Mr. Hackinc 
brought up the question of the effect of hot metal. Dr. 
Marshall thought the downward slope on the left of the 
curves related to the charging conditions, and the upward 
slope on the right shows when the other conditions begin 
to take effect. They thought it necessary to go into the 
question of automatic control in great detail, and are now 
proposing to make one furnace as fully automatic as 
possible. He agreed with Dr. CHESTERS on the need for 
some instrument to measure the properties of a flame 
actually working the furnace. That is a real necessity in 
open-hearth furnaces. Replying to Mr. ALLAN, he said his 
firm did not dislike producers ; they still use them. When 
the change was made the ash had increased from 1 to 2%, 
the coal was irregular in size analysis, it had a much higher 
moisture content, and, worst of all, it included a very large 
amount of tramp iron, which is fatal on a mechanical 
producer. 

On the introduction of air round the burner and its effect 
on sulphur removal, Dr. MARSHALL agreed with all that 
was said and it is proposed to introduce the central uptake 
type of furnace to improve not only fuel economy but 
sulphur removal. 

With regard to air infiltration, what Dr. Leckir said was 
quite correct. The fact that it is easy to work on constant 
air flow is really a reflection on the present standard of 
furnace design, and sooner or later it will be necessary to 


get down to the question of how to keep air out of the 
furnace. Experiments at their works and elsewhere have 
shown that it is possible with a constant carbon dioxide at 
the port end to get rates of air flow varying between once, 
twice and even three times the amount really required. 


AN ELECTRICAL PRESSURE METER FOR THE 
MEASUREMENT OF OPEN-HEARTH-FURNACE 
DIFFERENTIAL PRESSURES 


By 8. 8. CarLisLe and B. O. Smirx 


ONE of the factors affecting the operation of the 
open-hearth furnace is the pressure in the furnace 
laboratory. Leckie has shown that for optimum operat- 
ing conditions the pressure difference between the inside 
and outside of the furnace should be zero a few inches 
above the sill which, allowing for the buoyancy effect 
of the column of hot gas in the furnace, is equivalent to 
about -+- 0-1 in. W.G. at the roof crown where measure- 
ment is usually made. It is found that considerable 
discrepancies occur in the figures quoted as the optimum 
values of roof pressure determined from experience in 
different furnaces and melting shops due, in part at any 
rate, to errors in the measurement caused by the differ- 
ence in level between the meter and the measuring point, 
temperature gradients along the connecting pipes, etc. 
As a solution to the problem of accurate measurement, 
there has been developed, in the Physics Laboratories of 
B.I.S.R.A., an instrument which can be installed close to 
the measuring point in the roof of the furnace. It is 
specifically designed for remote indication, the pressure 
differential being measured in terms of an electrical 
current which can be indicated or recorded on a normal 
moving coil instrument situated at any distant position. 
The operating principle is that the force on a freely 
mounted diaphragm, resulting from the applied differ- 
ential pressure, is automatically balanced by the force 
developed by a current carrying coil moving in a fixed 
magnetic field. At equilibrium, the current in the coil 
is a direct measure of the force produced, and thus of 
the applied pressure. This “* null ’’ method of measure- 
ment ensures a high stability of calibration of the instru- 
ment, and freedom from wander of the zero reading. 


Discussion 


In presenting the paper, Mr. 8. 8. CARLISLE referred to 
the question of maintenance. The seven months experience 
to date had not shown any cause for concern. Where a 
problem necessitated a departure from established measur- 
ing techniques and apparatus the design technology 
employed should be suited to the working conditions and 
arrangements for the maintenance reeds of the instrument 
should be made. This question was also referred to by 
Mr. R. C. BAKER, who pointed out that the average works’ 
electrician had little knowledge of electronics and conse- 
quently on the rare occasions when trouble was experienced 
it was not easy to get repairs executed quickly. 

Whilst a high speed of response was advantageous, 
Mr. Baker felt there was little use in having a response 
faster than the speed of the valve or damper controlled. 
Further he did not consider that the instrument had any 
real advantage over the ring balance meter for flow 
measurement. 

Mr. I. M. D. Hattipay suggested that electrical and 
pneumatic transmission were equally successful and that 
the choice depended on secondary considerations. 
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Dr. A. H. Leckie and the other speakers emphasized the 
value of the instrument in making comparisons between 
furnaces possible. Whilst the makers of the pneumatic 
instruments knew how to remedy the defects there had not 
been a demand on the part of users for the degree of accuracy 
the research man would like to see. The attitude had been, 
“We don’t care what the error is so long as it stays the 
same.” Mr. Hariipay, however, in his remarks on the 
causes of errors in the pneumatic type of installation showed 
that many of the errors were not constant and that the 
advantage of a differential measurement lay in the feet 
that many errors were introduced into both sides of the 
pressure balance and thus eliminated. 


FIRST REPORT OF THE GASES AND NON. 
METALLICS SUB-COMMITTEE 


HE Chairman of the Sub-Committee, Mr. W. W. 
Stevenson, in an introduction to the report stated 
that the publication of papers by individual members, as 
and when they become available would continue. In 
addition, at intervals of about three years, brief reports 
of the work of the Sub-Committee would be prepared. 
Five papers by members were presented for discussion. 


THE DETERMINATION OF OXYGEN IN LIQUID 
STEEL BY THE ALUMINIUM KILLED BOMB 
METHOD 


By G. E. Speieut, B.Se., F.R.LC., 


N this method the oxygen content of the liquid steel 
is fixed as alumina by collecting the sample in a 
“bomb ” containing fine gauge aluminium wire. The 
results of a detailed study of the applications and limita- 
tions of the method are presented. Three methods of 
analysis, gravimetric, nephelometric (turbidity due to 
insoluble alumina is measured absorptiometrically) and 
vacuum fusion were carried out by a number of investiga- 
tors. The results show that reproducibility of results 
by gravimetric analysis is good and that of nephelometric 
results only slightly inferior, although the variations in 
nephelometric results are due largely to the character- 
istics of the different absorptiometers used. It is also 
apparent that the method is applicable to all stages of 
the working of the heat with either acid or basic charges 
but in all cases except basic heats of low and medium- 
carbon steels it may be necessary to purify the original 
acid-extracted residue in order to obtain accurate results. 
Recommendation for sampling and analysis are 
appended. 

Also included in the report are examples of bomb tests 
taken from acid heats after deoxidation with ferro- 
silicon as well as from the ladle, in order to determine 
whether the method is applicable to deoxidized metal. 
Agreement between the gravimetric and vacuum fusion 
tests on the same sample confirms the applicability of 
the test to deoxidized baths as the oxides present are 
converted to alumina. 


A CO-OPERATIVE EXAMINATION OF A 
MANGANESE-MOLYBDENUM STEEL 


By T. E. Roonry, A.M.C.T., F.R.L.C. 


HIS paper presents the results of an investigation 
of the applicability to a commercial low-alloy 
steel of the methods of examination of non-metallic 
inclusions developed by the Sub-Committee. The 
steel chosen has a relatively high oxygen content 
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(0-025°,) which is a desirable feature particularly with 
regard to examination by the residue method. Micro- 
scopical examination, by normal and _ polarised light, 
inclusion counts, and oxygen determinations by vacuum 
fusion, fractional vacuum fusion, aluminium reduction 
and the chlorine and iodine residue methods were carried 
out together with an X-ray examination of the residue 
after acid extraction. 

The principal oxide inclusions present along with 
manganese sulphide are two types of silicate—viz., 
rhodonite and tephroite. Total oxygen determinations 
indicate oxygen segregation along the bar and possibly 
also from outside to centre. In the oxide determinations 
the agreement between the results for SiO, and for FeO 
are good, with the exception of the fractional vacuum 
fusion value for FeO. Again with the exception of this 
method the agreement between values for Al,Q, is reason- 
able. The main disagreement is between the values for MnO 
by the iodine and chlorine methods. This difference is 
considered to be fundamental, but no explanation has 
yet been found. 


A CO-OPERATIVE EXAMINATION OF A NICKEL 

CHROMIUM STEEL 
By T. E. Rooney, A.M.C.T., F.R.LC. 

HE investigation whose results are presented is 

similar in scope to that referred to in the previous 

paper. Owing to the difficulty in finding an industrial 

steel of this type (3°, Ni, 0-66°, Cr) with a sufficiently 

high oxygen content to be suitable for preliminary work, 
a small laboratory ingot was prepared. 

The results of the fractional vacuum-fusion analyses 
would appear to indicate that the oxygen-bearing 
inclusions are mainly of the manganese silicate type 
containing a proportion of tephroite. The presence of 
tephroite is not confirmed by other methods. The 
results of the analyses by the residue methods indicate 
the presence of some manganese silicate, probably of the 
rhodonite type with excess of silica. The X-ray results 
indicate the presence of free silica with some silicate of 
rhodonite type as the oxygen-bearing inclusions and, 
in addition, manganese sulphide. 

The microscopical examination also indicates the 
presence of manganese silicate, free silica, and manganese 
sulphide. The presence of alumina is also suggested in 
combination with the silicate and as small stringers and 
particles. The amount of alumina determined by 
chemical methods is very small, and it is possible that 
some Cr,0,; may be associated with the aluminous 
inclusions observed microscopically. Further work is in 
hand on the identification of alumina and aluminous 
inclusions. 


THE DETERMINATION OF HYDROGEN IN 
LIQUID STEEL 
By G. E. Speicur, B.Sc., F.R.LC., F.1.M., and R. M. 
Cook, B.Sec.(Eng.), A.Met. 

NE of the difficulties encountered in the deter- 
mination of the hydrogen content of liquid steel 
results from the considerable loss of hydrogen which 
occurs between liquid and solid states. After reviewing 
previous work detailed accounts of two methods which 
have been used by the authors are presented. In the 
* sealed-mould * method the water jacketed mould is 
closed immediately after casting the sample, whilst in 
the * chilled-pencil *’ method, the sample is of smaller 
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section and is rapidly cooled by the water jacket. In 
both cases the hydrogen is determined by low tempera- 
ture (750° C.) vacuum heating, any water vapour being 
decomposed by passing over low-carbon ferro-manganese 
heated to 750° C. In the sealed-mould method the gas is 
vacuum-extracted first at room temperature to remove 
the gas in the mould cavity as well as that portion of the 
gas in the metal which is extractable at that tempera- 
ture. The sample is then weighed and the hot extraction 
carried out. In the chilled-pencil method the sample 
is stored under mercury until the apparatus is available 
and the hydrogen evolved on standing added to that 
extracted at 750°C, 

The sealed-mould method is considered to provide a 
satisfactory means of determining hydrogen in liquid 
steel and a determination can be completed in 2-24 
hours, including full gas analysis, whilst indications of 
the hydrogen content can be obtained within 1 hour. 
The immediate practical value would seem to be in 
providing a means of indicating those casts which, on 
account of high hydrogen content, would require special 
treatment during processing. Its application to the 
fundamental study of steelmaking processes is apparent. 

The chilled pencil test also has possibilities, but the 
figures obtained are usually lower as a result of the loss on 
cooling. This difference is less marked in the case of 
the highly alloyed steels. 


A CO-OPERATIVE EXAMINATION OF THE 
DISTRIBUTION OF NON-METALLIC INCLUSIONS 
IN BILLETS FROM A MILD-STEEL INGOT 


By T. E. Rooney, A.M.C.T., F.R.LC. 


§ BAILAR methods to those used in the previous 

papers have been applied to a study of the amount 
and composition of the inclusions in samples taken from 
the top, middle and bottom of a 45 ewt. mild-steel ingot, 
after suitable discards had been cut. 

The results of the vacuum-fusion oxygen determina- 
tions indicate that there is a larger proportion of oxide 
inclusions in the middle and bottom sections and that the 
principal inclusions are silicates of manganese. On the 
other hand the sulphur determinations indicate that all 
three sections contain a similar amount of sulphide 
although local segregation could not be investigated on 
the 4 in. bars examined. Microscopic examination 
confirms that silicates with some manganese sulphide 
are the principal inclusions. The presence of two 
manganese silicates—viz., manganese anorthite and 
rhodonite and some mullite and silicate of aluminium 
are indicated by X-ray examination of residues extracted 
by the Dickenson (acid extraction) method, whilst 
alcoholic iodine extraction confirms the presence of 
manganese sulphide and other constituents with a more 
complicated pattern. 

Joint Discussion 

In presenting the report, Mr. W. W. STEVENSON said 
that the broad terms of reference of the Sub-Committee 
were the investigation of the production of better quality 
steel from the view point of gaseous and non-metallic 
inclusions. Whether the development of a rapid method of 
determination of oxygen in liquid steel would prove of more 
value than determination of carbon and iron in the slag 
was open to question, but he felt that the determination of 
the hydrogen content of liquid steel was of great importance. 

Mr. Speicut and Mr. Rooney summarised the informa- 
ion given in the report on liquid and solid steel, respec- 


tively. In connection with the X-ray examination of 
residues, Mr. Rooney pointed out the difficulty in identi- 
fication due to the fact that many inclusions, after separation 
at any rate, were in what might be described as an 
amorphous condition. 

Mr. A. J. K. HonEyMAN, who opened the discussion felt 
that the Sub-Committee had been somewhat reticent in 
summarising the progress made and in indicating its future 
work. In discussing the general aspects, Mr. Honeyman 
considered that the determination of oxygen in liquid steel, 
which was largely a function of carbon content and rate of 
carbon drop, would not further the objects of the Sub- 
Committee. Even the value for the finished steel was 
probably less important than the size and distribution of 
inclusions, and one of the most difficult and important 
problems to be tackled was that of inclusion counts. On 
the question of inclusions Dr. H. A. Dickie hoped that the 
statement that after adequate top-end cropping the top was 
freer from oxides (silicates) than the bottom would not lead 
to the conclusion that the correct way to get clean steel 
was to select the top portions of the ingot. Silicates acted 
differently from sulphides. The latter had poor coalescing 
properties and accumulated in number rather than size. 
Mr. HoneyMaAN thought that Mr. Speight had tried to be 
kind to the chilled-pencil test—for his own part he con- 
sidered it to be useless. It would have been valuable if the 
Sub-Committee had discussed the use to which determina- 
tions of hydrogen in liquid steel were to be put, and such 
questions as the reason for variations in hydrogen content 
and the effect of such variations on subsequent working. 
Mr. HonEyMAN suggested the examination of a large 
number of casts of the same composition to enable a 
statistical examination to be made to this end. 


THE THERMODYNAMICS OF SUBSTANCES OF 
INTEREST IN IRON AND STEELMAKING FROM 
0°-2,400° C. 

By F. D. Ricnarpson and J. H. E. JEFFEs 
Te understand any process in which a number of 

chemical reactions may be involved it is helpful 
to be able to separate quickly those which are likely to 
be important from those which are not and also to be 
able to see quantitatively how the system may change as 
temperature, pressures and concentrations are altered. 
In this first paper of a series, a free-energy / temperature 
diagram for the oxides of particular interest in steel- 
making is presented. Subsequent papers will deal with 
sulphides and with the detailed application of the 
information to the processes of iron and steel making. 
It should be stressed that the diagram gives no indication 
of reaction rates, although it is a fact that at the high 
temperatures of interest in extraction metallurgy, most 
reactions proceed at reasonable rates. It is generally 
true that where there is a significant decrease in free 
energy in a reaction at high temperature it will proceed. 
When there is an increase, it will not proceed whatever 


the temperature. 
In preparing the free-energy, temperature curves, 


three kinds of experimental results were used: (a) 
direct equilibrium measurements; (b+) thermal data ; 
The 


and (c) e.m.f. measurements of appropriate cells. 
free energies of formation vary linearly with temperature 
within the limits of accuracy of the data available and 
in the case of each oxide the probable accuracy of the 
curve is stated. 

A transparent grid which can be superimposed on the 
diagram has two additional relationships plotted on the 
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same scale as the diagram. The first is of the change of 
free energy for the expansion of oxygen at one atmos- 
phere pressure, to the pressures indicated ; these curves 
can be used to enable the oxygen dissociation pressures 
of the various oxides to be read directly from the 
diagram. The other group of curves are lines of constant 
CO/CO, ratios and plots of the expression RTlog, Pog, 
where Po, is determined for any particular ratio and 
temperature by the equilibrium: 2CO + O,-2CO,. 


By the use of the diagram and the superimposed trans- 
parent grid the elucidation of a number of complex 
processes and individual equilibria is illustrated. In an 
appendix, the data used for each oxide is available. 


Discussion 


In opening the discussion, Dr. N. P. ALLEN agreed with 
the author’s simplification by adopting first a graphical 
method and then a simple linear formula, because when 
peopie used thermodynamics in metallurgy they did not 
often want an exact answer ; they wanted to know whether 
a certain proposal was reasonable or not. Dr. ALLEN 
drew attention to the fact that all the reactions mentioned 
in the diagram had only a hypothetical existence. In 
practice when one was dealing with the reaction between 
iron and oxygen forming iron oxide, one was really dealing 
with a reaction whereby a saturated solution of iron oxide 
in iron reacted with oxygen to form a saturated solution of 
iron in iron oxide and the variable composition of those 
solutions could make a difference to the results obtained. 
For that reason the simple curves given would have to be 
replaced by families of curves which expressed the complete 
behaviour. As it was not possible to tell a priori whether 
a solid solution was going to be formed or not, descriptive 
chemistry on the laboratory bench was still necessary. 
Dr. ALLEN quoted the case of V,O, as one in which the 
diagram might be misleading. It would appear that 
V,0, could be reduced to vanadium by calcium, but in 
actual fact there was a lower oxide VO which, in solution 
in vanadium, formed a very stable body. In spite of the 
emphasis on the need for detailed laboratory study, he felt 
that they had, in the diagram, a useful tool for expressing 
the results of thermodynamic work of that kind. 

The fact that at high temperatures and low oxygen 
pressures some elements can exist as compounds of lower 
valency than that observed at low temperatures was 
referred to by Dr. P. HERASYMENKO who stressed the need, 
in such cases, for direct measurement of equilibria at high 
temperatures rather than the use of extrapolated low 
temperature data. 

On the theoretical aspects, Dr. O. KuBASCHEWSKI 
thought that, whilst an expression of two terms generally 
represented the data with sufficient accuracy and made 
application much easier, where the data was known with 
high accuracy and where the contribution of the A Cp 
term to the free energy was preportionately high, a three- 
term expression should be preferred. The oxidation of 
magnesium was one such case. Dr. KUBASCHEWSKI 
referred to a number of oxides of the lesser known metals, 
in addition to those referred to in the paper, on which data 
was available. In conclusion, he suggested that similar 
work to that of the authors on compounds should be done 
on solution phases, including measurements. A simple 
formula should be sought which would enable one to des- 
cribe the complete system, with solution phases. 

It was evident from the discussion that the further 
papers dealing with the practical application of the work 
would be eagerly awaited though, as Mr. W. L. KERLIE 
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suggested, the authors would have no light task in getting 
the story across to the industry. Whilst he appreciated the 
efforts to confine nomenclature to standard terms he felt 
that they were rather confusing to the layman. The time 
was not far distant when the plant manager, who had to 
attend to production details as well as the technical aspects, 
would have a young technical assistant who would be able 
to study such papers as these and to realise their practical 
significance. He had been interested to study the diagram 
in relation to basic Bessemer practice and to find that the 
indications given were borne out in practice. Without 
Minimising the importance of a knowledge of standard 
states, Mr. Keruie felt that in many cases useful informa- 
tion could be obtained without the knowledge of the time 
equilibrium constants and instanced the oxidation of 
manganese in the liquid steel to MnO, a reaction which was 
greatly influenced by slag basicity. 

Dr. H. A. Dicktre said that practical experience in many 
directions confirmed the general correctness of the views 
expressed by the authors, but he did not think that the 
diagram could be applied in all cases without modification. 
The order seemed to be the same as the electrochemical 
series and the fact that all elements electro-negative to 
iron were not oxidized in steel baths provided further 
confirmation. There appeared to be a discrepancy with 
regard to phosphorous ; according to the diagram it would 
not be oxidized at the temperatures used in the basic 
Bessemer process and yet some was removed in the early 
stages and probably more would be if the slag were liquid 
at that temperature. Similarly, although the diagram 
indicated that vanadium should be completely removed in 
the acid open-hearth bath, it was known that that was not 
the case. 

Several examples of the application of the data presented 
in the paper were given by Dr. HERASYMENKO. As an 
instance, he showed how it was possible to deduce from the 
diagram that the production of pure, oxygen-free iron in a 
magnesia crucible in vacuo was impossible. 


LARGE CRYSTAL GRAIN-SIZE IN SILICON. 
CHROMIUM VALVE STEEL 


By C. C. Hopeson, A.Met., F.1.M., and H. G. Baron, 
B.Se.. 

LTHOUGH in recent years its popularity has 
decreased because of its relatively poor resistance 

to the products of combustion of heavily leaded fuels, 
more exhaust valves have been made from steels of the 
En 52 type (C 0-4-0-5; Si 3-0-3-75: Cr 7-5-9-5) 
than from any other material and its use will continue for 
cool-running valves not subject to excessive chemical 
attack. A feature of the steel which does not appear to 
be generally known is its liability to develop an excep- 
tionally !arge grain size during certain manufacturing 
operations with resultant high temperature _notch- 
brittleness. This paper presents the results of an 
investigation into the cause of this phenomenon. 
Satisfactory refinement is not attained until the heat 
treatment temperature exceeds 1,000° C. (substantially 
higher than the completion of the a - y change) and as 
until 1947 the recommended hardening temperature 
was 950°-1,050° C. there was a real danger of unsatis- 
factory articles being produced. It is shown that the 
material is susceptible to cold work while still at bright- 
red heat, and that a condition of critical strain may 
remain after cooling to room temperature. This is 
mainly due to the relatively high critical range. The 
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recrystallisation of critically strained material takes 
place during reheating, and a structure consisting of 
enlarged grains will remain if the reheating temperature 
is below that required for the completion of the a -> y 
transformation. The presence of critically strained 
material is not of importance, provided a suitable 
reheating temperature is applied afterwards. If for any 
reason a lower quenching temperature is desirable, the 
working conditions must be correctly controlled. 


GRAIN GROWTH IN SILICON-CHROMIUM 
VALVE STEEL 
By H. Atusop, A.Met., F.I.M., and P. W. Bycare, 
A.Met. 


N this companion paper, the authors have studied 
many factors having a bearing on the problem. By 
means of experiments on straining followed by reheating, 
hot-straining, ete., they conclude that grain growth of 
the order encountered occurs as a result of reheating 
critically strained material to sub-critical temperatures. 


The coarsening increases with increasing reheating 
temperature up to that at which re-formation of 


austenite commences. If the material is strained in the 
ferritic state, coarsening is very structure sensitive, and 
only the hardened and tempered condition gives rise to 
severe grain growth. Severe grain growth may also 
result from reheating material strained during forging 
if, at the time of straining, the temperature of the 
material has fallen below about 750°C. If the tempera- 
ture of straining is below 750° C., the material may be 
austenite, partially or wholly transformed, without 
effect on coarsening. The grain growth found in valves 
is due to the straining of under-cooled austenite or its 
decomposition products, during forging. The austenitis- 
ing temperature (hardening or forging) strongly 
influences the grain growth. With a temperature of 
over 1,100° C, little or no grain growth will occur even 
in a critically strained and reheated material. The 
occurrence of critical straining in certain parts of valves 
seems to be inherent in the mechanical forging processes 
so that it is necessary to ensure that the hardening 
temperature is high enough to effect complete refinement 
which requires a temperature some 50-75°C. higher 
than the phase change indicated by the inverse-rate 
curve. The temperature required increases with silicon 
and chromium; the degree of coarsening for similar 
conditions of strain also increases with the former. 


Joint Discussion 


In opening the discussion Mr. R. J. Brown referred to 
some trouble he had recently experienced with valves in 
which the stems had abnormally large grain structures and 
said that experiments he had carried out confirmed the 
evidence provided by the two papers. The fact that 
temperatures in excess of the critical were needed for 
refinement might have some connection with the solubility 
of carbon in the steel. In experiments on the magnetic 
change point of coarse- and fine-grained steels of that type 
he had found a greater sluggishness in changing from the 
austenite to the ferrite condition, in the case of coarse- 
grained steels, even when the temperature from which the 
steel was cooled was raised to 1,100° C. With regard to the 
practical aspect, Mr. Brown said that it was usual to 
finish the steel at about 900° C. and to straighten around 
500° C. It was possible that in some cases the finishing 
temperature would be the order of 1,000° C. with subsequent 
air hardening resulting in an increased tendency to grain 


growth. Electrically upset valves forged in a crank type 
of machine had not in his experience shown the trouble but 
some of those forged in a friction press hac, probably as a 
result of a skin quench due to the slower action of the latter 
method. 

Mr. G. T. Harris vointed out that the austenitic valve 
steels could show even more pronounced grain growth due 
to reheating strained material. Contrary to what one 
would expect in a valve steel, the DTD 13B type of 
material ( similar to En 52) was, at temperature, relatively 
weak and it followed that any residual strain set up would 
be almost completely removed before the a — y trans- 
formation took place. He wondered therefore whether 
strain was the major factor involved. Mr. Harris referred to 
Mr. ALLsop’s comment that strain speeded up transforma- 
tion and added that in certain circumstances it could alter 
the end product quite markedly 

As a result of fractures of a coarsely crystalline nature 
occurring on straightening valve stems after heat treatment 
an investigation into the question using a different technique 
corroborated the findings given in the paper. Mr. F. D. 
BRIDGEs in giving this information, said that they had, 
however, found grain growth with “as rolled” material. 
Mr. BripcGes pointed out that a temperature of 775° C. 
had to be attained before any effects of tempering were 
apparent and that it was only at temperatures around 
900° C. that they actually got down to the specification 
hardness. The standard treatment of 1,040°—1,080° C. 
was now given ; the trouble they had experienced was due 
to over-loading ofthe furnace with the result that some of 
the valves had been underheated. 


THE STRUCTURE OF CARBIDES IN ALLOY 
STEELS 
By H. J. Gotpscumipt, M.Sc., A.Inst.P. 

N the course of X-ray investigations on alloy steels, 

carried out over a number of years, the nature of the 
‘arbides liable to occur in a variety of steels has been 
elucidated, and attempts have been made to correlate 
their structure and phase assemblies in a systematic 
fashion. In the present paper, which is the first of a 
series, a general survey is made and a considerable 
amount of information has been collected together and 
set out systematically. In the space at our disposal it 
would be impossible to summarise the information 
satisfactorily but it may be said that the paper will 
prove of immense value to those interested in this aspect 
of metal physics. Details of the metal-carbon binary 
system are presented for copper, nickel, cobalt, iron, 
manganese, chromium, vanadium, titanium, molyb- 
denum, niobium, zirconium, tungsten, tantalum, and 
hafnium, and attention is drawn to the relationship 
between the type of structure (cubic, hexagonal close- 
packed or orthorhombic) and the position in the periodic 
table. The structures of Cr,, C,, Fe,W.C and Fe,C are 
briefly compared in view of their relevance in considering 
the iron-chromium-tungsten (or molybdenum) -carbon 
system which is of special interest in the study of high- 
speed steels. Finally the ternary systems having iron 
carbide as a base are surveyed. These include those of 
iron and carbon together with nickel, cobalt, manganese, 
vanadium, titanium, niobium, zirconium, and tantalum. 


Discussion 


The relaticaship between carbide structure ard position 
in the periodic table was extended by Dr. H. A. Dickie by 
a consideration of the carbides of such metals as the alkalis 
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and alkaline earths which do not occur as constituents of 
steel, pointing out that those elements which were relatively 
expanded had more room fer carbon atoms and that the 
ratio of metal atoms to carbon atoms increased with the 
more closely packed metals. Dr. Dickre further referred 
to the author's statement that titanium is not such a 
strong carbide former as tungsten, niobium or tantalum 
and pointed out that titanium carbide had a high melting 
point and high heat of formation, indicating considerable 
stability. The question of stability was also referred to by 
Dr. F. D. Ricuarpson who said that it could be represented 
on the same sort of free energy diagram as he had shown in 
his paper on the thermodynamics of oxides and, by intelli- 
gent guesses at entropies of formation, together with 
known heats of formation, a knowledge of relative stability 
could be built up. 

Mr. H. Morrocu referred to the possibility of the 
existence of iron carbide-silicon complexes such as that 
observed by Marles in high silicon cast-iron and which he 
understood also occurred in high silicon steel. In certain 
cast-irons used for creep tests at 400°--500° C. for periods 
of six months or more, the carbon of the graphite flakes 
appeared to react with the ferritic matrix and become 
coated with an envelope of carbide which seemed to be 
iron percarbide, Fe.C. 


On the metal physics aspect of the question Dr. A. J. 
BRADLEY had felt sure that the structure of cementite 
would prove to be the same as that of NiAl,; and Dr. 
RICHARDSON suggested that it would be interesting to see 
if NiAl, showed the specific heat anomaly of the type 
shown by Fe,C at about 200°C. which accounted for the 
rather curious free energy curve and therefore stability 
eurve of Fe,C. Dr. Bravery also referred to the simple 
relation which existed between free valence electrons and 
atoms, viz., (2n—l)/n. For cementite the value was 7/4, 
4 because the formula was Fe,C and 7 because there were 
9 free valence electrons from iron and 2 of those electrons 
were transferred from iron to carbon, making the carbon 
6 valent instead of 4 in cementite ; that was the reason 
for its peculiar properties. 


Mr. K. H. Jack said that in the iron carbide system, 
the latest report indicated that there were three carbides, 
all of which appeared to be metastable. They were 
cementite, iron percarbide, which his own work showed to 
contain slightly less carbon than Fe,C, and Fe,C with a 
closely packed hexagonal or pseudo-hexagonal structure. 
The structure of the percarbide had not been determined 
and he felt that the unit cell relationship werked out by 
the author for these two carbides and later for the carbides 
based on Cr,,C, and Fe,W,C showed only that the structures 
adopted were compatible with a reasonably close packing 
of the different atoms without there necessarily being any 
greater degree of similarity. 

In a recent investigation of the question of the tempering 
of martensite at low temperatures Mr. Jack had found 
that all the X-ray diffraction effects from a martensite 
tempered below 300° C. could be explained by the formation 
of very thin plates of strained cementite. These results 
offered a possible explanation of the hardness of martensite 
tempered at low temperatures and lent support to Hume- 
Rothery’s mechanism for the martensite-cementite trans- 
formation. In view of the author's remarks on the 
alternative formation of cementite and (Cr, Fe, W).; C, 
from martensite, he thought a repetition of the work on the 
tempering of martensite, using alloy steels, was 
desirable. 
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PRESENT METHODS OF OPEN-HEARTH 
FURNACE CHARGING 

By E. L. Dtamonp, M.Sc., M.I.Mech.E., and 
A. M. Franxkav, M.A. 


BOUT a third of the working time of an open-hearth 
furnace is occupied in charging the materials with 
which the steel is made ; any faults in the system 
by which the material is supplied and charged, resulting 
in unnecessary prolongation of this time, therefore, 
directly cause loss of production. Conversely, it is 
widely held that a reduction in the time of charging is 
the most effective way of increasing the production of an 
open-hearth furnace, because the charging and tap-to-tap 
times of groups of furnaces generally show a strong 
correlation In this paper it is stated that the present 
methods of supplying material to open-hearth furnaces 
have approached their limits, whereas chargers, if not 
required to charge more than one furnace at a time, have 
a good margin above the capacity to melt, of all but the 
very largest furnaces. The fixed charger has a net 
advantage in speed over the rotating type of only about 
20°,, because it is interrupted when empty trains of 
scrap bogies are replaced. To obtain the shortest melting 
time it is preferable to charge at a steady rate, and 
therefore to have as many chargers as the maximum 
number of furnaces to be charged simultaneously at the 
maximum rate of charging. If this is taken to be half 
the number of furnaces installed, the theoretical loss of 
output is negligible and is offset by other limitations. 
From this starting point, the capacities ef bench 
loading and stage railway supply systems have been 
analysed on the basis of furnace frontage and capacity, 
using data obtained from extensive time studies. If the 
magnet cranes could be relieved of the duty of replacing 
empty pans by full pans the bench system would have 
ample capacity for any melting shop at present contem- 
plated. Suggestions to this end are put forward. Stage 
railway systems are limited by congestion and by mutual 
interference of train movements, and detailed study of 
the working of such systems, both in practice and by 
charts and models, suggests that centralized traffic 
control on the lines indicated will be essential to attain 
the full capacity of such systems for very large shops. 
The delivery of raw materials by conveyor and bunker 
increases the capacity of both systems, but especially 
that of stage railway systems, on account of the dispro- 
portionate amount of shunting involved in feeding the 
raw materials to the chargers in the right sequence. 


THE INFLUENCE OF HEAT TRANSFER ON 
OPEN-HEARTH FURNACE CHARGING TIME 


By M. W. M.A., F.Inst.P. 


T is often suggested that the melting period in the 
open-hearth furnace cycle could be considerably 
shortened if the charge could be passed into the furnace 
more rapidly. Recent American publications indicate 
that plans are being worked out for removing the whole 
side of the furnace in order to insert the charge in a 
negligible time. It is, of course, obvious that the longer 
the doors are open for inserting the charge, the greater 
will be the cooling of the furnace due to the excess air 
drawn in through the open door. This effect is likely to 
be just as bad with apparatus in which the side of the 
furnace is removed as with the present arrangement. In 
order to decide future policy in regard to charging, it is 
necessary to determine the mechanism by which the 
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charging procedure affects the melting time—is the 
melting time primarily affected by the length of time the 
steel is in the furnace, or is it primarily governed by 
other factors? Evidence is brought forward in the 
present paper to show that the melting time is usually 
fixed by the heat-transfer conditions and not at all by 
the length of time the charge is in the furnace. It 
appears, in fact, that in such cases for a given flame 
radiation the melting time can be reduced only by 
reduction of the time average of the re-radiation from 
the surface of the charge. Since the charge as a whole 
must increase in temperature during melting, this time 
average cannot be reduced below a certain minimum 
value. This minimum value is shown to occur in the 
case where the temperature of the top surface of the 
material in the furnace is below or equal to that of the 
material lower down, all the time until melting is 
complete. Too rapid charging can in fact be one of the 
causes of the actual melting time lying above this 
minimum. 

The evidence given is the result of model experiments 
and calculations to determine the rate at which a furnace 
can be charged to effect an improvement in melting 
time. The model consisted of paraffin wax melted by a 
constant radiation from above and showed that assess- 
ment of the time to melt the charge below the liquid 
surface is not a fair way of assessing the merits of 
different charging schedules ; only the time for complete 
melting can be used. A theoretical analysis then showed 
that for a given gross downward radiation the shortest 
possible melting time is obtained when the heat never 
has to pass through a thermal resistance before being 
absorbed as temperature rise. This means that it is of 
no advantage to put in the charge faster than the heat- 
transfer rate will permit, and in fact in some cases 
putting it in too fast can cool the furnace excessively 
and so reduce the gross downward radiation. If the 
charging must be stopped at any point before all the 
charge is inserted, because the furnace is becoming too 
full, or too cold, then the heat-transfer rate is the bottle- 
neck. If, on the other hand, it is necessary to reduce the 
fuel-input rate from the maximum during the charging 
period then the charging is too slow. The latter usually 
occurs only when there is a delay in the arrival of materia's, 
but if new furnaces are designed with a larger bath area per 
unit weight or with more rapid combustion rates, this 
state may be reached more frequently. The ideal 
charging process is uniform insertion at a rate such that 
the roof is kept always just below the maximum safe 
value while the fuel is being burnt at the maximum 
rate. 

Joint Discussion 


In presenting the first paper, Mr. DIAMOND cmphasized 
that the problem with which the paper was concerned was 
that of charging several furnaces together without 
unnecessary delay. It was easy to achieve fast charging 
times when only one or two furnaces on the plant were 
being charged at one time. Future developments in open- 
hearth practice might necessitate greatly increased charging 
rates which would involve mechanical methods of supply 
completely different from those used at present. As a 


first step in that direction the rotary bench loading machine, 
which reduced the floor space required to store the charge 
and enabled a row of full pans to replace a row of empty 
pans in a few seconds, had been devised. One such machine 
would be situated behind each furnace. 


Dr. A. H. Leckie in opening the discussion referred to 
the difference of opinion which seemed to exist on the 
desirability of charging the furnace as quickly as possible. 
In many cases the governing factor was the rate at which 
the furnace could melt, but in the newer furnaces with 
adequate hearth areas the charging rate was more 
important. 

Considerable discussion took place on the merits and 
demerits of the two standard charging methods—the bench 
charging system, using slewing chargers, and the stage 
railway system, using non-slewing chargers. Mr. R. W. 
Evans pointed out that in Europe the comparatively small 
furnaces in operation until recently could be charged satis- 
factorily with the slewing charger but in the U.S.A. in the 
operation of furnaces of much larger hearth area, stage 
railway systems with fixed chargers were favoured. Those 
installing new high capacity furnaces would naturally turn 
their attention westwards, a view to which Dr. T. P. 
CoLcLouGH also subscribed. He also believed the fixed 
charger would be able to handle larger charging boxes 
more successfully. A further disadvantage of the bench 
system was the dependence on the magnet crane for filling 
the boxes ; with the stage railway system, stocks of charged 
boxes could be available. In many shops production had 
increased by 75% or more since the shop was built and 
that factor should be taken into consideration, as Dr. 
Leckie suggested, before condemning a system for its 
inability to cope with the raw materials. On the question 
of getting the charging boxes onto the bench sufficiently 
quickly Mr. H. ©. Woop advocated the use of larger 
capacity box lifting cranes equipped with independent 
magnetic hoists with lifting speeds two or three times 
that of the box-lifting gear. Mr. Wood also referred to an 
American charging machine in which an extremely large 
pan was used, the stage side of the furnace consisting of a 
number of doors all of which could be raised at once. 

The question of scrap preparation was raised by several 
speakers. Dr. CoLcLouGH suggested that a good deal of 
extra space and equipment could be saved if they could 
put 3 tons of scrap into boxes which were now holding 
much less. During the war scrap cutting machines had 
enabled an increase from 8 cwt. to 3 tons in the capacity of 
the boxes for holding light scrap. Improvements in the 
design of baling presses might prove of value in this respect 
and Mr. Diamond in his reply to the discussion pointed out 
that that would also assist the mechanicai handling of such 
materials on conveyors. Mr. W. A. JOHNSON agreed with 
Dr. Colclough that insufficient attention had been paid to 
preparation of both light scrap and heavy merchant scrap. 
With regard to the former he thought that baling to one- 
fourth solid (120 Ib./eu. ft.) was as far as they could go 
with advantage. 

A number of speakers, including Dr. Leckie, Mr. 38. 
Werr and Dr. J. E. pe GraaF considered that Mr. THRING 
should have taken into account other factors than radiation 
in his model experiments. Amongst such factors were 
convection, conduction and chemicaily-generated heat 
within the bath itself. Mr. Wer said that Mr. THrinc 
appeared to be on the verge of solving a seemingly 
impossible prcblem and appealed to him to study the vital 
subject of charging as a whole at the furnace and eschew as 
far as possible the separate study of small fractions. Dr. 
pE GRAAF thought the role of convection explained why 
what MR. THRING considered ideal, thin scrap in layers, 
was not at all ideal in practice. Such scrap was heated 
very quickly, collapsed under its own weight and formed 
smooth Leaps which melted slowly because of slow heat 
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absorption. They preferred to charge a light layer of light 
scrap on top of the heavy scrap which retained its form 
sufficiently long to keep up convective transfer and ensure 
rapid melting. Dr. de Graaf preferred to obtain information 
on such factors as melting time by statistical examination 
of steelworks data rather than by model experiments. In 
his reply to the discussion Mr. THRING agreed that statistics 
were important but, without some theory to work on, one 
could flounder in statistics for years without getting any- 
where. The paper only attempted to examine how far one 
could go from theory and to answer questions on the effect 
of heat transfer by radiation. He did not think that 
neglect of convection affected the argument as much as 
some speakers had suggested. 


THE LAYOUT OF INTEGRATED IRON AND 
STEEL WORKS. 

By H. H. Marpon, B.Se., M.LC.E., M.I.Mech.E.., 

M.I.Struct.E., and J. S. Terrineton, B.Sc., A.M.I.C.E.. 
A.M.L.Struct.E. 


‘THE original terms of reference of this investigation, 

namely, “the formulation of general principles 
governing the layout of integrated iron and steel works,” 
do not give any indication of the issues involved, and it 
has therefore been necessary to arrive at a more precise 
definition of the problem. In this paper it is shown 
that the criterion by which a layout can be judged is the 
extent to which it permits efficient handling of materials 
between the unit processes and the efficient working of 
the processes themselves, and it is on this basis that the 
problem has been studied. 

The nature and extent of the problem is considered 
and factors are discussed concerning the selection of a 
site, the layout of an integrated works as a whole, and 
some of the criteria which determine the detailed 
arrangement of each of the three departments of iron- 
making, steelmaking, and rolling mills. Features 
existing in works in Great Britain are tabulated; a 
theoretical analysis of a fundamental theory of the 
layout of integrated iron and steel works is developed ; 
and a comparative study of the traffic routes of the 
main process materials in the principal integrated 
works in Great Britain is made possible by flow diagrams 
reproduced in colour. Owing to the complexity of the 
details, it is not possible in many instances to lay down 
precise rules to suit all conditions, but some general 
conclusions have been drawn. Numerous aspects 
require detailed quantitative analysis and the most 
important of these is considered to be a traffic survey of 
representative works. 

Discuss ion 

Mr. W. B. Baxter opening the discussion felt that 
another opportunity should be given for a full discussion of 
this very voluminous and very important paper, because 
the time remaining that day was much too short. While 
the authors deal successfully with what is desirable in 
laying down a new plant, consideration should be given to 
existing plants from which they have gained their informa- 
tion and drawn their conclusions. 

Quite a number of the many important factors in the 
layout of integrated plant are considered by the authors, 
two of which must be emphasised. One is that the steel 
industry in this country is not a new industry and therefore 
ideal layouts on new sites are seldom possible. The second 
factor concerns the needs of the working population who 
make the industry possible. 


June, 1949 


After much detailed consideration and argument the 
authors direct attention to the need for a level site, a 
straight line arrangement of units, and considerations 
regarding railways. On the question of a level site Mr. 
Baxter thought that differences in level in a site could be 
of great advantage and that the straight line arrangement 
was forced on the authors by the logic of their ideas. Those 
illustrated seemed to be long-drawn-out wearisome works 
and he thought that with imagination and skill the arrange- 
ments could be modified to make for smoother working 
than the authors inferred. Mr. Baxter was in entire 
agreement with the authors on works railways, particularly 
on the importance of works railways, but he thought the 
authors had been led to a felse conclusion when they 
emphasise the importance of tons per mile. 

Larke, K.B.E., said the authors had 
particularly disclaimed any intention to discuss the detailed 
parts of a layout and in that he thought they had rendered 
a service and been very wise, and he hoped that someone else 
would give papers on such subjects as traffic, and in greater 
detail. He had seen many seriously uneconomic plans 
adopted as a result of technological enthusiasm uncorrected 
by that important factor—the effect of costs. He cited one 
case in particular in connection with an important ship- 
yard. On the question of the layout, and in particular 
the relation of one process with another, he pointed out 
the great value of this paper to managements and suggested 
that they review their own relations of one process to 
another in terms of the general conclusions the authors 
have reached. To emphasise this point he cited a well 
managed and very efficient steelworks in which a 20 
minutes bottleneck was discovered in a process which 
could readily be removed and of which the management 
were not aware. 

Mayor W. R. Brown added his support of the paper 
and thought its value should be regarded in an educative 
sense, because it brings into correct perspective all the 
main points which should be borne in mind when a new 
plant is being planned. It seemed a little disheartening 
to discover the many desirable points a site must have 
before it could be regarded as fit to be devoted to the 
production of iron and steel on a large scale, and he thought 
insufficient emphasis was given to what could be done to 
improve an otherwise unpromising site. It is also, perhaps 
&n omission not to have emphasised how wise it is to do 
this preparation before commencing any building operations. 

Referring to the blast furnace section of the paper Major 
Brown thought the first essential to the layout must 
certainly be the materials to be used. The proportions in 
which they come are never the same from one week to 
another, so that while in one case planning can be with a 
certain fixed intention, in the other case a very flexible 
outlook is necessary and that will never lead to the plant 
being used with the same stream-lined efficiency as when 
it is designed particularly for one object. 

In conclusion he thovght that common sense, a know- 
ledge of the operations and materials, and a knowledge of 
modern facilities, make the laying out of a new plant not 
a very difficult proposition, but that the rehabilitation and 
reconstruction of old plants was quite another matter. 
This invariably has to be carried out without interference 
to operations or services, without interruption to fiow of 
materiais through the section of the plant which is to be 
redesigned. It is for that class of work that we need the 
miracle worker, more than in the planning of new plant. 

Mr. E. R. 8S. Warkrn considered the most valuable 
principle to be that of simplicity and compactness, a 
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principle which should not be sacrificed even to the obsession 
about routes never conflicting. A simple contact of running 
routes is not in itself serious, but in all cases shunting areas 
should be separate from each other. Care must also be 
taken that all shunting is done with the engine at the same 
end of the train. He did not agree with too much segrega- 
tion of traffic as there is a danger of segregation of duties. 
On the subject of sidings he preferred a triple division, 
with reception and departure sidings near the main line, a 
group of common storage sidings near the incoming and 
outgoing, and the final reserve at the final destination. 
Since reference to tippling of coke wagons is made Mr. 
Watkin asked the authors for information because he had 
not found a tippler capable of dealing with coke wagons 
without crushing. 

Time did not permit further discussion, apart from a 
brief reply by Mr. J. 8. Terrington who said it was evident 
from the detailed remarks that the subject is wide. With 


Liverpool Metallurgical Society 
Report By C. W. J. GELLATLEY. 


On Monday, March Ist, 1948, a symposium on industrial 
radiography was held under the auspices of the Liver- 
pool University Metallurgical Society at the Liverpool 
Engineering Society's rooms. The express object in mind 
was to bring together those people in the Merseyside 
area who were interested in metallurgy, and to enquire 
whether they wished to foster the formation of an 
independent Liverpool Metallurgical Society. Approxi- 
mately 120 people attended this meeting at which three 
short papers were given: ‘ Production of X-Rays,” by 
Mr. W. 3. Owen, M.Eng., A.I.M.; “ Radiography of 
Welds,” by Mr. L. Mullins, M.Se., Ph.D. ; and “ Radio- 
graphy of Castings,” by J. A. Pardoe, M.Eng., A.1.M. 

Following the reading of these papers the Chairman, 
Dr. 8. J. Kennett, presented the case for the formation 
of a new Society, indicating that he had invited an 
ad hoc committee to consider the venture, the members 
of which had expressed their willingness, should they be 
required, to continue to serve. After some discussion 
it was agreed by those present to proceed with the 
establishment of the new Society and the following were 
elected en bloc to form an interim committee: H. 
Edwards, F.R.LC., F.1.M.; V. L. Farthing, M.I.Mech,E., 
M.1.Mar.E.; A. E. Griffin, M.Inst. Welding; C. W. J. 
Gellatley, A..M.: Dr. 8. J. Kennett, B.Se., Ph.D., 
D.LC., F.L.M.; H. J. Miller, M.Se., F.I.M.: and E. J. 
Stephens, M.Eng., A.M.I.Chem.Eng. 


On March 22nd, 1948, the committee met and 
nominated Dr. 8. J. Kennet as Chairman, Mr. H. J. 
Miller as Treasurer and Mr. C. W. J. Gellatley as 
Secretary. 

It was decided to proceed with the formulation of the 
Society's inaugural programme, and during the interval 
to circulate all prospective members and firms whose 
staffs might be interested—outlining the intentions and 
aspirations of the committee. This circular letter was 
dispatched at the end of April, 1948, 

Towards the end of July the syllabus cards for the 
1948-49 session were sent out to approximately 120 
prospective members, together with membership forms, 
inviting all those interested to become members by the 
payment of 10s. 6d. for the year. From this invitation 
there was the rather heartening response of 114 sub- 
scriptions. 


regard to tons per mile, they found that a useful criterion 
and were able to get some interesting figures, but realise 
it is not the sole criterion ; it is a matter of operation and 
not solely a factor of tons per mile. 

As regards the layouts themselves, by a method of trial 
and error they attempted to get an exhaustive number of 
variations, but realised that there were possibly others, 
and hoped that further papers would bring out these 
points. The paper is regarded as an introduction to the 
subject, and he thought that had been generally appreci- 
ated. The improvement of existing sites must be the 
subject of a new paper, because in the present paper they 
could only deal with the general principles. The value of 
return ramps and of tipplers are detailed problems, and it 
is not possible to go into the pros and cons at this stage. 
The question of extensions is a very vexed one, because it 
is difficult to decide how far to look into the future. 


The October meeting, which may be called the 
Society’s inaugural meeting, was attended by approxi- 
mately 130 people and was given by Professor Andrew, 
D.Sc., F.1.M.. whose lecture was entitled ““ New Lamps 


for Old.” On November IIth, 1948, we joined the 
Society of Chemical Industry at Liverpool University 
and heard a lecture by Dr. N. P. Inglis, M.Eng., Ph.D.., 
F.I.M., entitled “A Review of Steels Used in the 
Chemical Industry.”” This was followed by a further 
joint meeting on December Ist, 1948, with the Liverpool 
Engineering Society, when a paper was read by L. W. 
Johnson, M.Met., M.I.Mech.E., F.I.M., on “ The Co- 
relation of Metallurgical Research and Development 
with Engineering Requirements.” 

The turn of the year found us facing our biggest test 
of the season—the Chester Meeting. On January 6th, 
1949, Sir Charles Goodeve, O.B.E., D.Sc., F.R.S., 
delivered his lecture, entitled “The Steel-Making 
Process,”’ in the City Museum, to some 150 members and 
guests, and from every point of view the venture was a 
very great success. It is hoped that a Chester meeting 
will become an annual event. In Liverpool, on February 
3rd, F. D. Waterfall, F.I.M., gave a lecture on “ Metal- 
lurgical Developments connected with Heat-Treatments 
of Steel in Salt Baths”; and, on March 3rd, a paper 
given by Dr. C. J. Smithells, M.C., D.Se., F.I.M., on 
“The Practical Significance of Solution and Diffusion 
of Gases in Metals,” which was attended by about 
50-60 members, brought our first session of lectures to 
a close on a very high note. At the Annual General 
Meeting on April 7th, two films, ‘‘ Steelmaking ”’ and “ A 
Story of Copper,” were shown. 

The ad hoc committee appointed on March 1, 1948, 
automatically retire from office and hope that they have 
fulfilled the object with which you charged them. They 
offer themselves for re-election together with any further 
nominations the members may wish to make. 

On behalf of the Society, Mr. Gellatley thanks the 
Liverpool Engineering Society for the loan ot their 
headquarters and other facilities, and all those who have 
helped to make this first session the success it has been 
In particular he acknowledged the invaluable help given 
by our Chairman, Dr. Kennett, and the very great 
efforts made by Mr. H. Edwards in organising the 
Chester mecting. To all the members of the committee 
and to all those, who, by their presence at the meetings, 
made such a valuable contribution to the success of 
this inaugural year, he added his personal thanks. 
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The Addition of Tungsten to Cast Iron 
By J. E. Hurst, D.Met., F.I.M., J.P. 


The sparseness of our knowledge of the influence of tungsten on the properties of cast iron may be 

attributable to the difficulties associated with its incorporation. Reference is made to the use of tungsten 

oxide-reducing agent additions and of high-speed steel as an addition agent. Apart from the enhanced 

mechanical strength, the increase of the elastic modulus, in both white and grey iron, as the tungsten 
content increases, is worthy of note. 


UNGSTEN metal has a specific gravity of 19-3 
and a melting point of 3,370°C. It is thus 
nearly twice the density of molybdenum and its 

melting point is approximately 730° C. higher than this 
latter metal, the highest melting point alloying metal 
commonly added to cast iron. Tungsten is available for 
metal additions in the form of tungsten metal powder, 
and as ferro-alloys. In the iron-tungsten series of alloys 
the solidus and liquidus temperatures pass through a 
minimum of 1,525°C. at a composition of about 15°, 
tungsten. The alpha solid solution is formed by a 
peritectic reaction at 1,540°C. at which temperature 
about 32°, tungsten is dissolved in the solid iron. The 
solid solubility decreases rapidly with decreasing tem- 
perature and at a temperature of 500°C. the solid 
solubility is reduced to about 6°,. As a result, these 
solid solutions are susceptible to precipitation hardening. 
In the iron-molybdenum alloys the corresponding 
minimum on the solidus and liquidus curves occurs at a 
temperature of 1,440°C. and a concentration of 36°, 
molybdenum. The peritectic reaction occurs at 1,450° C., 
the solid solubility at this temperature being 38°), 
decreasing to about 5°,, molybdenum at 500°C. In a 
like manner the solid solutions are susceptible to precipi- 
tation hardening. The ferro-molybdenum alloy usually 
sold has a melting point bordering on 1,700° C. containing 
as it does in the neighbourhood of 60°, molybdenum, 
whilst with ferro-tungsten with upwards of 60°, tungsten 
the melting points are all in excess of 2,200°C. It is not 
surprising, therefore, that ferro-tungsten is difficult to 
add to cast iron and many records reveal a complete 
failure to incorporate tungsten with cast iron when using 
the rich ferro-tungsten. Perhaps the sparseness of our 
knowledge of the influence of tungsten on the properties 
of cast iron is attributable to this cause. 


Metal Oxide—-Reducing Agent Additions 
The study of a method of adding tungsten to cast 
iron by the addition of a mixture of calcium silicide and 
oxide of tungsten has been reported previously by the 
author.* These experiments formed part of an investiga- 
tion of the effect of adding these higher melting point 
metals, including molybdenum and titanium, by the use 


TABLE If. 


of the oxide of the element in conjunction with a reducing 
agent. The vield of tungsten by this method was not so 
good as that of molybdenum. The chemical composition 
and the mechanical! properties obtained are summarised 
in Table I, the test results being obtained on 1-2 in. dia. 
bars which also provided the tensile test bars of 0-798 in. 
dia. As it is of some interest to compare the behaviour 
of tungsten with that of molybdenum; comparative 
results have been included in the table together with 
the composition of the original refined white pig iron 
to which additions of the calcium silicide and metallic 
oxide were made. Further, the results of the control 
experiment using calcium silicide alone, without any 
metallic oxide, are included. Under the conditions of 
this experiment, whilst molybdenum additions are 
accompanied by an increment in breaking strength and 
hardness, tungsten additions up to over 1°; bring 
about no increase in strength, although at 1-12°,, there 
is an increase in hardness recorded. The reduction in 
sulphur content associated with the molybdenum 
additions does not occur in the case of tungsten. The 
absence of any marked carbide forming tendencies in 
the case of both molybdenum and tungsten is an interest - 
ing observation. This is difficult to estimate in each 
case owing to the change in silicon content, but it is 
unexpected to find an increase in tungsten from 0-31- 
1-12°, unaccompanied by an increase in combined 
-arbon content. 


High-speed Steel as Addition Agent 


The results of a series of tungsten alloy cast irons 
prepared by the admixture of varying proportions of 
molten high-speed steel and hematite pig iron are of 
interest. The alloys were prepared by melting the 
materials in a crucible furnace, and in view of the com- 
position of the high-speed steel the resulting alloys con- 
tain significant amounts of the additional elements 
chromium and vanadium. Cylindrical specimens pre- 
pared by centrifugal casting were used and the mech- 
anical property determinations were made on ring form 
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ALLOY CAST IRONS PRODUCED BY OXIDE-REDUCING AGENT ADDITIONS 


Chemical Analysis 


Modu- 
Detlee- | lus of 
tion |Rupture 


Brinell 
‘Tons 


* Original refined white iron. 
} Calcium silicide addition only. 
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TABLE II.—TUNGSTEN ALLOY CAST IRONS PRODUCED BY HIGH-SPEED STEEL ADDITIONS 


Brinell 


Modulus 
of 
Annealed 
900 /925° C. 


Perman- 
ent set 


U.T.8. Rupture 


tons/sq. in. tons/sq. in. As cast 


447-415 
470-444 
407-402 
426-444 
340-364 
371-387 


62 
551 —551 


TABLE UlL.—MECHANICAL PROPERTIES OF 


TUNGSTEN ALLOY CAST IRON AFTER NITROGEN HARDENING 


Ton 3q. in. 
42- 


Surface Hardness after treatment at 550° C. 


Ist Grind 2nd Grind 


Surface Hi: 


| 
580 
21 


specimens. All the castings were annealed at a tempera- 
ture of 900°-925° C. followed by slow cooling. Brinell 
hardness determinations only were recorded on the 
‘as cast’’ specimens. The experimental results 
obtained are recorded in Table IT. 


Properties of Tungsten Cast Iron 

Typical stress /strain curves of the specimens Nos. 1, 
5, and 6 are illustrated in Fig. !, and for comparison 
purposes the stress strain curve of a specimen of Swedish 
white iron prepared in a similar manner is incorporated 
in the same diagram. The behaviour of these specimens 
when submitted to the nitrogen hardening treatment 
carried out for 90 hours at a temperature of 500° is 
recorded in Table III 

Apart from the high breaking strength values recorded 
for this series of alloys there is interesting evidence of 
a direct relationship between the alloy content and the 
En or modulus of elasticity value. The higher the 
alloy content the higher the En value. This is not 
unexpected with these particular alloy additions, 
especially tungsten, and it will be noted that this property 
is not seriously affected by the prolonged treatment at 
00° C. during the nitrogen hardening treatment. There 
is other evidence that the modulus of elasticity of the 
high tungsten content alloy cast irons is uniformly 
high both in the white and grey conditions, a fact of 
importance in connection with many service applications 
of chilled iron castings. For example, the following 
results were recorded in the examination of a 3-5% 
tungsten alloy cast iron prepared free from chromium 
and vanadium. As the following analysis shows a small 
percentage of molybdenum was present. This was 
unintentional, but nevertheless is significant in amount. 
The complete composition of the chill cast specimen 
was as follows :— 


Total Carbon .. 
Silicon oe 
Sulphur 
Phosphorus 
Manganese 
Tungsten .. 3. 52 
Molybdenum .. 0-15 
The Brinell hardness of the surface of the chill portion 
was 477, the mottle portion 387, and the grey portion 
311. The En value determined on a ring cut from the 
chill portion was 29-8 x 10® Jb./sq. in., and that 
determined on a ring cut from a grey sand cast cylindrical 
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Stress deflection curves for tungsten alloy 
cast iron. 


bar from the same melt 28-5 x 10° Ib./sq. in. It is 
also of importance to record the specific gravity of this 
alloy—viz., 7-845. 

In connection with these experimental determinations 
the effect of tungsten on the modulus of elasticity (En 
value) of iron in both the white and grey conditions 
could be imagined to have an important influence on 
the stress distribution under service conditions in chilled 
iron castings. 


Fig. 1. 


ELectronic Propucts Lrp. have published 
a new booklet giving particulars of a wide range of 
valves and electron tubes suitable for industry and 
communications. It is in four colours and contains 
twenty-three pages. The contents include abridged 
data on a complete range of general purpose valves, 
transmitting and industrial power valves; on cathode 
ray tubes and photographic flash tubes ; on photocells, 
thyratrons and other special valves 
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HE identification of carbides and 

intermetallic compounds in steels 
is an important object in metallurgical 
practice, and X-ray analysis is the 
most suitable, frequently the only 
means to achieve it. 

There is, however, a conspicuous 
lack of published data to facilitate this 
identification, and those few inter- 
planar spacing values available are 
uncollated and scattered in the litera- 
ture. Further, the information is in 
some cases inconveniently presented, 
e.g., as sin?@ values. the 
A.S.T.M. ecard index of interplanar 
spacings and its Cambridge Supple- 
ment, otherwise so comprehensive, 
deals only inadequately with 
steel carbides; cementite and other 
compounds of interest being entirely 
omitted. 

The need for a smail, specialised 
collection 1s clear. The writer has, in 
the course of structure investigations 
on alloy steels, made such a collection 
for his own use, and in answer to 
several outside requests for data, 
thought it might be helpful to publish 
this information. 

The values are based on our own 
measurements, using either extracted 
carbides or synthesised materials. For 
comparison, ferrite, austenite and the 
sigma-phase, though not carbides, are 
also included. The radiation used was 
cobalt K,throughout (although absorp- 
tion conditions are in some cases 
unfavourable), because this is the 
wavelength most commonly employed 
in ferrous investigations. 

The collection might well be supple- 
mented by data on silicides, nitrides, 
oxides and any further carbides, as 
well as some intermetallic compounds, 
and is indeed partly intended to 
stimulate further contributions. 
Contents :— 

1. Ferrite. 
2. Austenite. 
3. Cementite Fe,C. 
4. Chromium (base) carbide 

Cr.;C,; also Mn,,C,. 
Chromium (base) carbide 

Cr,C,; also Mn,C,. 
Chromium carbide Cr,C,. 

7. Tungsten carbide WC. 


8. Tungsten carbide W.C; also 
Mo,C. 
9. “High speed steel carbide ” 


Fe,W,C. 
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also 


10. Titanium carbide TiC ; 
VC/V,C;. 

11. Niobium carbide NbC/Nb,C, ; 
also TaC. 

12. Sigma-phase FeCr. 


Key to Intensities (1) :— 


VS = Very strong. 
S = Strong. 

MS = Medium to strong. 
M = Medium. 

MW = Medium to weak. 
W = Weak. 

VW = Very weak. 


FERRITE (a—-Fe} 
Material: Armco iron. 
Structure: Body-centred cubic. 
Lattice-parameter: @, = 2-8607 kX. 
Radiation used: Co Aa. 
hkl 


d 
2-023 s 
200 1-430 MS 
211 1-168 
220 1-012 Ms 
Slo s 


AUSTENITE 

Material: 13/12 type of stainless steel. (But approxi- 
mately correct for austenite in most types of steels.) 

Structure: Face-centred cubic. 

Lattice-dimensions : a, = 3-59 + 0-04 KX (allowing 
for variations observed). 


Radiation used: Co Aa. 
hkl d bees I 
111 2-08 
220 1-270 M 
311 1-083 MS 
222 1-037 M 
40) 0-900 MW 

CEMENTITE (Fe,(). 
Material : Extract from plain carbon steel. 


Structure ; Orthorhombic, 16 atoms per unit cell. 


Lattice-dimensions: a 1-505, bh = 5-074, 
ec = 6-732 kX. 
Radiation used: Co Aa. 

hkl d I 
200 2-26 M 
120 23°313 M 
121 2-104 MS 
210 2-065 M 
022,105 2-001 Vs 
211 1-971 MS 
113 1-867 M 
122 1-850 i s 
212 1-759 M 
4,023 .... 1-682 esas M 
130 1-583 M 

* 300,229 1-509 Ww 
230 1-327 M 
140 1-223 M 
322 1-214 M 
233 1-160 MS 
134 1-150 M 
330 1-126 MS 
045 1-105 se MS 
422 09854 M 


0-9156 


2. Prepared synthetically. 
Structure (probably): Trigonal, 80 atoms per unit cell. 


Radiation used : Co Aa. 

I 
2-30 MW 
2-12 M 
2-04 
1-81 M 
1-74 M 
1-46 \ 
1-35 Ww 
1-205 M 
1-178 M 


MANGANESE CARBIDE Mn,C, 
Isomorphous with the above, pattern 
identical. 


virtually 


CHROMIUM 
(Cr, Fe, W, 
Material: Extract from 


Interplanar Spacings of Carbides in Steels 
By H. J. Goldschmidt, M.Sc., A.Inst.P. 


The B.S.A. Group Research Centre, Sheffield 


(base) CARBIDE 
C, — Fe, (W, Mo), C,. 
chromium, nickel steel. 


Structure : Cubic, 116 atoms per unit cell. 


Lattice-dimensions: a 


= 10-638 10-51 kX (de- 


pending on alloy content). 


Radiation used : 


hkl 


los? ‘ 


MANGANESE ¢ 
Isomorphons with the 
identical. 


CHROMIUM 
Materiai : 


Structure: Orthorhomb 


Sts 


Co Ka. 


x1 sees 
18978 


‘ARBIDE 


above, pattern virtually 


CARBIDE Cr,c,. 


Prepared synthetically. 


ie 20 atoms per unit cell. 


Lattice-dimensions (after Westgren) : a 11-46 
b = 5-52 = 2-821] kX. 
tadiation used: Co Aa. 
I 
M 
M 
M 
MW 
MW 
TUNGSTEN CARBIDE WC. 
Material: Prepared synthetically. 
Structure; Hexagonal, 12 atoms per unit cell. 
Lattice-dimensions : a = 2-90 © = 2-83 kX. 
Radiation used: Co Kea. 
hkl d I 
wl 2-82 MS 
loo 2-50" 
1-87 Vs 
1-449 M 
1-418 MW 
111 MS 
200 1-255 M 
102 1-231 MS 
201 1-147 MS 
112 1-015 MS 
wos 0-945 W 
202 0-941 cone s 
121 0-905 s 
TUNGSTEN CARBIDE 
Material: Prepared synthetically. 
Structure: Hexagonal 9 atoms per unit cell. 
Lattice-dimensions : a = 2-99 e 4-72 kX 
Radiation used: Co Kea. 
hkl I 
100 ones 2- MW 
2- MW 
2- 
102 1- M 
1lo 1-5 M 
103 Ms 
200 1 Ww 
112 MS 
201 Ms 
Ww 
202 MW 
115 MW 
203 Ms 
120 MW 
121 MS 
ll4 O°930 MS 
122 coon «660-908 pose M 
MOLYBDENUM CARBIDE Mo,C. 
Isomorphous with the above, pattern virtually 
identical. 
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aces d I 
i 78 M 
531 96 M 
622 cose MW 
644,820 .... 8S M 
660,822 .... 52 Ms 
555,751... 26, M 
758.021 .... 66, M 
S44 
933 MW 
lu42 0- 9697 M 
y 
971 
loge 
136 
CHROMIUM (base) CARBIDE (Cr. Fe): C,. 
Material: 1. Extract from chromium steels 
= 
- 


“HIGH SPEED STEEL CARBIDE."' 


TITANIUM CARBIDE Tic. TANTALUM CARBIDE Tac. 


Fe,(W,Mo),C — Fe,(W,Mo),C. Material: 1, Prepared synthetically. . 
Material: Extracts from and annealed filings of 18- 4-1 2. Extracted from Ti bearing steel. Isomorphous with the above, pattern virtually 
type steels, Structure; Cubic close-packed. identical. 
Strueture: Cubie, 112 atoms per unit cell, Lattice-dimensions : a4, = 4-319 kX 
Lattice-dimensions : a 11-04 to 11-08 kX (de- Radiation used: Co Ka. SIGMA-PHASE FeCr. 
on nt). hkl d Material Alloy FeCr after prolonged anneal at 750° C 
I 200 coe Radiation used; Co Ka. 
Ms 220 1-525 I 
Ms 311 Ms MW 
222 1-247 M 
Vs 100 “O80 MW 
331 0-908 ....  M 2-01 M 
0 +9658 Ms Ms 
VANADIUM CARBIDE VC/V,C, 
Isomorphous with the above, pattern virtually 
= identical, except for a slight contraction in cases 1-7 
: where carbon is omitted 
MS 1 
W NIOBIUM CARBIDE NbU/Nb,C,. + 
MS Material: Extract from niobium-bearing steei, 1: 
Structure : Cubic close-packed 
W Lattice dimensions : a 1-440 kX Le 
755.771.9833 Ms Radiation used: Co Aa. 
MS 
l- 
l- 
l- 
l- 


Official Opening of New X-ray 
Equipment Factory 


Tue formal opening of the new joint-factory of Newton 
Victor, Ltd., and Metropolitan-Vickers Electrical Co., 
Ltd., at Motherwell, Scotland, took place on May 24. 
Newton Victor production in the new works is concerned 
with medical and industrial X-ray equipment and 
physiotherapy apparatus and, on the Metrovick side, 
with electrical meters and instruments. 

Some seventy guests were received at the works by 
Mr. Oliver Lyttelton, D.S.O., M.C., M.P., Chairman of 
Associated Electrical Industries, Ltd., and conducted 
on an inspection tour of its various departments. Later 
they attended a dinner at the Central Hotel, Glasgow, 
to mark the official opening, at which Mr. Oliver 
Lyttelton presided and at which the principal speaker 
was the Rt. Hon. Tom Johnston, P.C., Chairman of the 
Scottish Hydro-Electric Board and former Secretary of 
State for Scotland. 

The new Motherwell factory, a modern, single-storey 
group of buildings, well laid out on a site of 23 acres and 
with a floor area of 300,000 square feet, was built in 
1944 and subsequently used by the Ministry of Supply as 
a textile salvage depot. Rather more than half the space 
is used by Metropolitan-Vickers and the remainder by 
Newton Victor, Ltd., whose X-ray equipment manu- 
facturing activities introduce a new industry to Scotland. 

Both sections of the factory are self-contained for 
complete production, have their own essential feeder 
departments and are equipped with the latest and best 
machine tools and other appliances. 

This new joint-factory at Motherwell is of importance 
in the broad national interests of industrial planning in 
that it has established a large light-engineering works in 
an area of heavy-engineering interests, thus helping to 
balance the supply-and-demand of labour and in- 
troducing a greater diversification of production activity. 
At present it employs about 600 workers but its planned 
complement will be in the region of 2,000, nearly all 
being locaily recruited and with a large proportion of 
girls and women. 


0 8 120 992 


On the Newton Victor side of the Motherwell works 
activity is wholly devoted to the production of X-ray 
equipment for industrial and medical purposes. 

The large-scale extension of manufacturing resources 
represented by the Motherwell project is of particular 
significance at the present time when the industrial 
application of X-rays is becoming increasingly widespread, 
both as a production (inspection) tool and research 
instrument. In more and more industries the uniquely 
non-destructive radiographic and fluoroscopic examina- 
tion of basic materials or finished products—ferrous and 
non-ferrous castings, forgings, welds, assemblies and 
fabrications, plastics, foodstuffs and packaged goods— 
has become routine and indispensable procedure. 

Until quite recently the X-ray market in the United 
Kingdom was largely dominated by and dependent upon 
the foreign manufacturer (American and Continental) 
and imported apparatus totalled a very considerable 
proportion of the whole. The notable addition to British 
productive capacity in this field represented by the new 
plant at Motherwell is thus of particular importance— 
not only in its contribution to the lessening of import 
requirements but also in the development of growing 
export opportunities for the British X-ray industry itself. 

Manufacture is already in progress of the Company’s 
well-known ‘* Model OX-250” oil-immersed industrial 
radiographic unit, operating at 250,000 volts and with 
power to penetrate up to 34 in. of steel. The oil- 
immersion principle of construction whereby complete 
electrical safety is ensured was, incidentally, pioneered 
by the Company many years ago and is now accepted 
practice in X-ray apparatus design. 

Larger and more powerful equipment in the Newton 
Victor range, both for industrial radiography and X-ray 
crystallography, and including the largest types of 
installation operating at 1,000,000 volts—and even 
higher energies—will be manufactured at the Motherwell 
factory as its facilities are extended and production 
schedules expedited. 

Manufacture of X-ray tubes and valves and of current 
equipment models is continuing at the Finchley (London) 
works of Newton Victor, Ltd. 
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Visit to Norwegian Plant 


Iron and Steel Institute Summer Meeting 


Prior to World War II it was customary for the Iron and Steel Institute to hold its 
Spring Meeting in London and its Autumn Meeting alternately in the provinces and 


abroad, combining technical sessions with visits to local industrial plants. 


Since the 


war, the Spring and Autumn Meetings have been held in London, but in 1947 a Special 
Summer Meeting was held in Switzerland and this year the biennial foreign visits were 
continued with a visit to Norway. 


idea that the venue of the second post-war 
Summer Tour of the Iron and Steel Institute 
hould be Norway must, by now, be extremely happy to 
ave seen the idea carried out with such signal success. 
‘he isolated situations of many of the Norwegian 
aetallurgical plants, and the lack of accommodation in 
uch areas, forced the organisers to the conclusion that 
he only satisfactory way of conducting the tour was to 
harter a ship and use it as a floating hotel as well as a 
‘neans of transport. Thus was virtue made of necessity 
or there can be no doubt that this arrangement con- 
‘ributed in no small measure to the successful nature of the 
cour, as the presence on board of many of our Norwegian 
and Swedish friends, from our arrival in Oslo to our 
departure for home from Bergen, enabled much closer 
iriendships to be established than would have been 
possible in any other way. 

The planning of the whole expedition by the main and 
local reception committees, under the chairmanship of 
Mr. Gunnar Schjelderup, the officials of the Bergen 
Steamship Company and the staff of the Institute, 
would certainly have done credit to the organisers of 
some of the better-planned military operations during 
the recent war. In this way the best possible use was 
made of the available time and although human frailty 
made it necessary to sleep and eat, the former was 
reduced to a minimum and the latter was made extremely 
enjoyable by the excellent fare provided. Whether such 
catering was good for either British or Norwegian 
stomachs, accustomed as they are to austerity diets, is 
open to question. 

The vessel chartered for the tour was the Motor Ship 
Venus, the pride of the Bergen Steamship Company’s 
fleet. Before the war she was well known to visitors to 
Norway as she shared the Newcastle-Bergen run with 
her sister ship the Vega. The latter was lost during the 
war and the Venus, after being taken by the Germans, 
was sunk in Hamburg as a result of bombing by the 
Allied Air Forces. Subsequently she was raised, repaired 
and re-fitted, at a cost of about three times her original 
building cost, and is now once more a vessel of which the 
Company can be justly proud. 

Arriving in Oslo at 6-0 a.m. on the morning of Monday, 
May 30th, we were greeted with the type of weather 
which made the Mancunians feel at home but which 
didn’t give us the opportunity of seeing Oslo at its best. 
During the morning, whilst the majority of members and 
ledies were taking a look at the main streets and shopping 
centre, a number of officers of the Institute were received 
i audience by His Royal Highness the Crown Prince of 
)orway. 

The view of the waterfront as one approaches Oslo 
by sea is dominated by the Akershus Slott, an historic 
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castle built about a.p. 1300, and the new City Hall 
which was erected between 1931 and 1939. = It 
was in the halls of the older of these buildings that 
members and ladies, by invitation of the Lord Mayor and 
Corporation of the city of Oslo, attended a reception 
and luncheon, when greetings were exchanged between 
visitors and visited. 


Works in Oslo Area 


On Monday and Tuesday afternoons visits to works 
in the neighbourhood of Oslo were arranged and although 
it was only possible to visit two, reference may be made 
to the varied choice available. 

A/S Akers Mekaniske Verksted was founded in 1842, 
and produced a variety of machinery and grey-iron 
castings. Moving to its present site on the waterfront 
between 1854 and 1857, shipbuilding became its ‘major 
activity. The first steamship, for lake traffic, was 
built in 1855 and since the first whalecatcher was 
delivered in 1868, the yard has built 185 such vessels. 
The engine shops are capable of building the whole 
Burmeister and Wain range of Diesel engines and at 
present under construction is a 10,000 tons dead weight 
fast cargo liner whose engines will develop 12,000 I.H.P. 

Spigerverk means nail factory and although the 
Christiania Spigerverk was originally started in 1853 
for the manufacture of wrought iron nails, based on 
power from five small waterfalls, the name has become 
somewhat misleading as it now forms, along with its 
affiliated companies, a complete integrated steel pro- 
duction unit. The first large closed electric iron-ore- 
smelting furnace using coke was constructed by two of 
the firm’s engineers, Messrs. Hole and Tysland. Smelting 
is no longer carried out at Oslo ; the 6,000 k.v.a. furnace 
was shut down in 1947 and pig iron production is now 
transferred to Ardal where a 13,000 k.v.a. furnace is in 
operation. Steel melting is carried out in Héroult type 
are furnaces using Séderberg self-baking electrodes and 
the ingots are reheated in electric soaking pits which have 
been in use since 1926. The products of the company 
include billets, sheet bar, rails, bars and wire rod, the 
latter being subsequently drawn down to wire, some for 
sale and some to be made into nails. Spigerverk also 
covers the entire needs of the country for agricultural 
hand-implements with a surplus for export. The 
present capacity of the steelworks is 65,000 tons of 
ingots per year. This is to be increased to 80,000 tons, 
and the blooming mill is to be modernised during the next 
year. A new wire-drawing plant will increase the wire 
production from 12,000 to 20,000 tons per year. 

A/S. Kvaerner Brug started in 1853 as an iron 
foundry and as manufacturers of machinery, structural 
steel and plate work. To-day its principal products 
include water turbines, pumps, cranes, refrigerating 
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plant, water tube boilers and structural steel and plate 
work. 

A particularly interesting plant was that of A/S. 
Sénnichsen Roervalseverket in which electric conduit, 
gas and water tubing are made up to 2 in. bore. The 
tubes are made from hot rolled strip, without any edge 
preparation, in a continuous process. The strip is 
formed in a series of forming rolls and is then passed 
under several rolling copper electrodes which make 
contact on the split. Current is passed along the tube to 
the next electrode and in this way the whole tube is 
gradually heated with the highest temperature at the 
split. Welding is effected by passing the heated tube 
under pressure rolls after leaving the last electrode : 
flying saws cut the tube to length prior to cooling and 
screwing the ends and electrically heated zine baths are 
used for galvanising where this is required. 

Staited as a jobbing plant in the porcelain enamel 
trade the main products of Emaljeverket A/S. to-day 
include stamped and enamelled household goods, 
stainless sinks, miscellaneous pressings and hot brass 
forgings for plumbing fittings. Electrolytic polishing is 
used for the stainless bowls. 

A/S Strémmens Verksted is the oldest steel producer 
in Norway, starting in 1902, using the Tropenas converter. 
The melting shops contain three 2-ton converters which 
are not in use at present, and two Héroult basic electric 
furnaces of 25 and 12 tons capacity, respectively. The 
products of the steelworks include carbon steel, chro- 
mium nickel steel, manganese steel and stainless steel. 
Specialities of the steel foundry include heavy castings 
for shipbuilding and hydraulic and turbine castings. 
The stainless-steel propeller was pioneered by the firm 
and deliveries have included propellers up to 25 tons in 
weight. The manufacture of railway rolling stock 
started about 1880 and 45°, of all the rolling stock in 
Norway has been built by the company. 

Other excursions in the Oslo district included the A/S 
Moss Glasverk and Steinull A/S, both at Moss some 
36 miles from Oslo on the eastern side of the fjord. 
The former specialises in the production of all kinds of 
glass bottles and containers whilst the latter company 
manufactures rock wool for heat and sound insulation. 


Joint Technical Meeting 

A joint meeting with the Norwegian Metallurgical 
Society was held in the Aula of Oslo University on 
Tuesday morning. Following an opening speech of 
welcome by Dr. J. Gorrissen and a reply by Sir Andrew 
McCance, the following papers were discussed :-— 
“Some Notes on Brittleness in Mild Steel,” by J. 
Gorrissen ; ‘‘ Experiences in the Study of Isothermal 
Transformations,’ by T. F. Russell and C. Mavrocordatos ; 
“The Acceleration of the Rate of Isothermal Trans- 
formation of Austenite,” by M. D. Jepson and F. C. 
Thompson; “The Determination of an Isothermal 
Transformation Diagram with an Optical Dilatometer,” 
by J. K. L. Andersen ; and “‘ The Properties of Olivine 
and its Use for Refractories and Moulding Sands,” by 
K. J. Stenvik. 

Social Meetings 

On Monday evening a Banquet and Dance was heid 
at Hotel Bristol when the principal speakers were 
Mr. Schjelderup, Sir Andrew McCance, Mr. H. Christ- 
iansen, Senr. and Lady McCance. The gentlemen will 
certainly forgive the suggestion that in spite of the 
excellence of their speeches, Lady McCance stole the 


show with her charming and witty reply to the toast to 
the ladies. 

Before dinner on Tuesday, members and _ ladies 
attended a cocktail party given by the British Am 
bassador, Sir Laurence Collier, and Lady Collier, at th« 
Embassy. With the evening free, advantage was taken 
of the opportunity for further sightseeing and as the 
Venus quietly slipped her moorings at midnight many 
people gathered on deck to watch the lights of Oslo 
fade into the distance after what had been, thanks t« 
Norwegian hospitality, a most enjoyable stay in the 
capital. 


Works in Southern Norway 

Wednesday morning saw the Venus arriving at 
Kristiansand in Southern Norway where the works 
visits comprised A/S Fiskaa Verk and A/S Falconbridge 
Nikkelverk. Originally founded by the Badische Anilin 
and Sodafabrik company in 1907, the former was taken 
over in 1918 by Elektrokemisk A/S, Oslo, who took up 
research work in the electro metallurgical field, con- 
centrating on the development of the self-baking 
continuous Séderberg electrode. The importance of this 
electrode to the Norwegian electro metallurgical industry 
must have impressed itself on those taking part in this 
tour as its application to a wide variety of processes 
was seen in the majority of works visited. In view of this 
fact a brief reference to the electrode, for the benefit of 
those unacquainted with it, will not be out of place at 
this juncture. The electrode consists of a cylindrical 
steel shell into which are loaded paste blocks prepared 
by mixing coke and calcined anthracite of a certain 
granular composition with a tar pitch binder. Under 
the heat of operation the paste blocks flow and thus fill 
the container with a pasty mass which under further 
heating is baked into a hard electrode. As the electrode 
burns away further containers can be welded on at the 
top, more paste charged and the process continues 
without interruption. For use in the electrolytic reduc- 
tion of aluminium, petroleum or pitch coke is substituted 
for anthracite and metallurgical coke in order to mini- 
mise the impurities in the metal ; the casing is of alu- 
minium and the shape is rectangular. Apart from the 
continuity which can be achieved there is an economic 
advantage, as far as Norway is concerned, in comparison 
with graphite electrodes. 

New types of electric smelting furnaces have also been 
developed at Fiskaa Verk, the most notable being the 
Tysland-Hole furnace for the production of pig iron. 
Research work is still being carried out in a fully equipped 
up-to-date pilot plant. In addition considerable amounts 
of ferro-alloys and electrode paste are regularly produced. 
The Elkem rotating-hearth furnace (Ellefsen type), 
which has 10,000 k.v.a transformer capacity, is being 
mainly used for the production of ferro-silicon from coke 
breeze, quartz and scrap. 

At the A/S Falconbridge Nikkelverk, nickel-copper 
matte is refined electrolytically. The plant comprises 
roasters, electrically-heated smelting furnaces, and a 
tank house with copper leaching, copper and_ nickel 
deposition departments, and equipment for the puri- 
fication of the nickel electrolyte. The present capacity 
is 9,000—10,000 tons of nickel and about 5,000 tons of 
copper per year. Small amounts of precious metals are 
also recovered and the sulphur dioxide in the stack gases 
is extracted and sold to the wood pulp industry «as 
liquid SO,. 
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Technical Session on the Venus 


At 6-30 p.m. the Venus left Kristiansand for the 
Hardangerfjord and after dinner a technical session was 
held on board ship at which the following papers were 
discussed :—** The Manufacture of Electric Steel in 
Great Britain,’ by the Electric Process Sub-Committee 
of the Steelmaking Division of B.I.S.R.A.; ‘“ The 
Séderberg Electrode System,” by H. Christiansen and 
B. Ydstie; “The Electrochemical and Electrometal- 
lurgical Industry of Norway,” by C. W. Eger ; “‘ A Brief 
History of Electric Pig-Iron Smelting in Norway,” by 
H. Christiansen and ‘‘ Features from the Planning of an 
Electric Smelting Plant for Pig Iron in Mo i Rana,” by 
B. Muller. 

Ferro-Alloys Plant 

Thursday morning brought with it a sight of the 
beautiful Hardangerfjord on which at Alvik is situated 
the plant of A/S Bjélvefossen, makers of ferro-alloys. 
At present production comprises 45°,, 75° and 90% 
ferro-silicon, as well as ferro-chromium with carbon 
contents of from 0-05°, up to 4-6%. The capacity is 
about 20,000 tons per annum of ferro-silicon on the basis 
of 45°, silicon, and about 9,000 tons of ferro-chromium. 
Oval three-phase furnaces of from 4,000—7,000 k.v.a. are 
used for ferro-silicon and 3,500 k.v.a. single-phase 
furnaces for ferro-chromium—all using Séderberg elec- 
trodes. Water power is obtained from a reservoir and 
dam 2,900 feet above sea-level, the total generating 
capacity being 54,250 k.v.a. 

Odda Works Visited 

The visit concluded, the Venus left behind the smoke 
of the ferro-alloy plant and proceeded to Odda, at the 
head of the Sérfjorden, where, in the afternoon, the 
choice of visits comprised Det Norske Zinkkompani A/S, 
Odda Smelteverk A/S and A/S Tyssefaldene. 

The electrolytic zine refining plant of Det Norske 
Zinkkompani A /S is the largest and one of the most modern 
in Europe. Zine concentrates, containing 50-60% 
zine and 30-32°, sulphur are flash roasted and leached. 
Since the introduction of flash roasting the sulphuric 
acid plant has been unable to cope with all the roaster 
gas and some of the sulphur dioxide has had to be 
absorbed in limestone towers sprayed with sea water 
and the calcium bisulphite solution evacuated into the 
fjord. After leaching with sulphuric acid the solution 
runs through classifiers and thickeners ; the cadmium 
and copper are precipitated from solution by agitation 
with zine dust. The zine is deposited electrolytically 
from the purified zine sulphate solution, the cathodes 
being remelted and cast into 50 Ib. ingots. The yield is 
about 48,000 tons per annum, whilst some 100 tons of 
cadmium a year are recovered from the purification 
residue. 

At the Odda Smelteverk A/S, now owned by the 
British Oxygen Co., Ltd., the products are calcium 
carbide and calcium cyanamide. Burnt lime, anthracite 
and coke are heated in an electric furnace to produce 
molten carbide which is tapped, cooled and crushed. 
The original furnace had a power imput of 1,100 k.w., 
but since 1936 a three-phase 14,000 k.w. furnace has 
been in operation. About 80% of the carbide produced 
is converted into cyanamide by reaction at 1,100° C. 
with pure nitrogen obtained from liquid air. 

Both these works obtain their power from A/S 
Tyssefaldene which owns the water-power resources of 
the Tysso watercourse, consisting of a number of rivers 
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which collect in the lake of Ringedalsvann (1,400 feet 
above sea level), and emerge as one river running down 
to the Hardangerfjord at Tyssedal, about four miles 
north of Odda. 

Historic Bergen 

Leaving Odda at 7-0 p.m. the Venus returned down 
the Handangerfjord, the orchard of Norway, to its 
mouth and then north to Bergen, which was reached at 
8-0 a.m. Bergen, the second city and seaport of Norway 
is full of historic interest. A section of the quay is 
fronted with wooden houses of the type built by the 
Hanseatic merchants when they settled there and one 
of the houses is preserved in its old form as a museum 
of the period. One of the most interesting parts of 
Bergen is the fish market. The Bergen housewife believes 
in having her fish fresh, and a feature of the market are 
the tanks containing sea water in which the fish swim 
about until selected by the customer when they are 
summarily dispatched and filleted. 

The works visits in the Bergen area included the 
Sverre Munck Electro-Mechanical Industries, manu- 
facturers of electric hoists and lifts and various kinds 
of cranes up to 10 tons capacity. Since the war the firm 
have also built a modern bus factory based on the 
import of British chassis but, owing to currency 
difficulties, production is at present small. 

A/S Bergens Bliktrykkeri operates the following 
processes :—production of cans from tinplate and 
aluminium for the food-canning and chemical industries : 
lithographic printing on paper and tinplate ; building of 
automatic presses and precision tools for the canning 
industry ; and the production of keys for sardine cans and 
other types of tins. Some 4,000 tons of tinplate and 
1,000 tons of aluminium strip are handled yearly. 

Other works visited were A/S Sildefiskerness Fab- 
rikklag, where surplus herring catches are converted 
into herring oil and herring meal, and Alvéens Papir- 
fabrik A/S, the oldest running paper mill in Norway. 

Included in the excursions in the Bergen area was a 
sightseeing bus drive in the course of which a visit was 
paid to Troldhaugen, the home for many years and the 
last resting place of Edvard Grieg, the composer and 
one of the best known of Norway’s sons. 

In the evening a Dinner and Dance, arranged by the 
Bergen local reception committee, was held at the 
Restaurant Fléyen. The restaurant is situated on the 
Fléyen mountain, high above Bergen, and from its 
grounds an exceedingly fine view of the city is 
obtained. 

Aluminium Works 

Immediately after the dance, the Venus left Bergen 
for Ardal at the head of the Sognefjord where Saturday 
morning and afternoon were spent in visiting the pig- 
iron and aluminium works operated by A/S Ardal Verk, 
a State-owned company formed to take over the assets 
and plant of a German company which planned to 
develop a large aluminium industry in Norway to assist 
the German war effort. The plans never materialised 
and only at a few places did work on the individual 
plants make any headway. Alumina production 
has been abandoned, as adequate supplies from Canada 
have been arranged so that the furnace house at Lower 
Ardal, on the fjord, became redundant and is now being 
used for the electric-smelting of a vanadium bearing 
iron ore. One furnace only is in operation at present 
with an output of 25,000 tons a year. A second furnace 
is to be installed shortly and subsequently a third, 
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The aluminium reduction works is situated at Upper 
Ardal, connected to Lower Ardal by Lake Ardal and by 
seven miles of road which passes through several tunnels 
cut through the mountains. Only half the plant is at 
present in operation with a production of some 10,000 
-12,000 tons per annum. The reduction cells use 
anodes of the Séderberg type and the aluminium is 
removed by suction into a crucible truck from which it 
is transferred by air pressure into electrically heated 
tilting furnaces, where it is held prior to casting by the 
semi-continuous method. 

Electricity for these works is obtained from a power 
plant situated 300 feet inside a mountain. It is equipped 
with five 43,000 h.p. turbines connected to generators 
developing a total of 140,000 k.w. To feed the plant 
the resources of the Tyin Lake and surrounding water- 
sheds have been harnessed, the head of water being 
about 3,000 feet. 

On Sunday, a call was made at Balestrand where a 
Luncheon was held at Hotel Kvikne, when members of 
the Institute from countries other than Britain expressed 
their appreciation of the arrangements made by our 
Norwegian hosts and by the Institute staff. Following 
lunch a short service was held in the small British 
Church at Balholm, which was filled to capacity. In the 
evening the Venus visited the Héyangerfjord for a view 
of the aluminium town of Héyanger, where as a first 
step in the process, alumina is made from bauxite by 
the Pedersen process in which bauxite, limestone and 
coke are fused in electric smelting furnaces, the products 
being calcium aluminate from which alumina is obtained, 
and a high grade electro pig-iron. 


Bergen was reached once again in the early hours of 
Monday morning and before we left for home at 8-0 a.m., 
we said good-bye to our Scandinavian friends, and 
expressed somewhat inadequate personal thanks for the 
exceedingly kind hospitality we had received at their 
hands. 


RETURN VISIT 


Amongst those taking part in the Iron and Steel 
Institutes’ Norwegian tour was Mr. A. B. Winterbottom, 
Reader in Metallography at the Technical University of 
Norway, Trondheim. Mr. Winterbotton returned to this 
country on the Venus and the graduate class of metal- 
lurgical students from Trondheim will arrive in Britain 
on June 24th for a visit to metallurgical works and 
laboratories which he has arranged. The details are not 
quite complete but amongst the visits definitely arranged 
are the following :—The Laboratories of the British 
Non-Ferrous Metals Research Association ; The Physical 
Laboratories of the British Iron and Steel Research 
Association; Messrs. Stewarts and Lloyds, Ltd. ; 
Corby ; Messrs. Thomas Firth & John Brown, Ltd. ; 
Sheffield University ; The Brown-Firth Research Labor- 
atories ; The Department of Metallurgy, Birmingham 
University ; The Research Laboratories of the Mond 
Nickel Co., Ltd. ; Messrs. Henry Wiggin & Co., Ltd. ; 
Birlee Ltd. ; Bromford Tube Company ; Messrs. Accles 
& Pollock, Ltd. ; Messrs. Reynolds Rolling Mills, Ltd. ; 
L.C.1. Ltd., (Metals Division), and the Imperial Smelting 
Corporation at Avonmouth. It is also hoped to visit 


Stratford-on-Avon and to attend a performance at the 
Memorial Theatre there. 


Reviews of Current Literature 


The Physical Chemistry of Process 
Metallurgy 


Discussions of the Faraday Society, No. 4, 1948; 344 pp.. 
illustrated ; Gurney and Jackson, London, Price 30s. 

THE practical importance of physical chemistry, which, 
in the manufacture of metals, is generally regarded as the 
application of physical principles to chemical reactions, 
was emphasised in the papers and discussions of the 
Faraday Society last autumn which are published in this 
volume. It contains 325 pages, by authors from Australia, 
Belgium, Canada, France, Sweden, the United States 
and Great Britain, arranged in three sections, with a 
general discussion on each section. Included is an 
introductory address by Sir Andrew McCance and also 
a paper by Sir Charles Goodeve on physico-chemical 
principles in process metallurgy. 

In Section 1, concerning metallic solutions, Professor 
John Chipman reviews the existing data on many 
solutions in liquid metals. Also of particular interest 
to the ferrous industry is a paper by Dr. Kitchener, 
Dr. Bockris and Mr. Liberman on the thermodynamics 
of solutions of sulphur in liquid iron saturated with 
carbon. These are, of course, conditions of particular 
importance in the making of pig iron and in its desulphur- 
isation. Five other papers in this section deal with other 
aspects of thermodynamics and kinetics of metal solutions. 

In Section II, on roasting and reduction processes, 
Professor Dannatt and Dr. Ellingham give a general 
survey of this wide field, and stress that at every stage 
of reduction there is not only the problem of collecting 
the metal but also of removing the undesirable elements 
in an easy manner. It often happens that the longest 
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route in a chemical sense is the shortest in the end. A 
good example of this is provided by Dr. M. Tigerschiéld 
in the discussion : the dense magnetite ores in Sweden 
are oxidised to a porous ferric oxide before being reduced 
in the blast furnace. 

In the third section, concerned with slags and refining 
processes, the refining processes considered are those 
involving molten slags, consisting essentially of mixtures 
of silicates, aluminates and phosphates of such metals as 
calcium, magnesium and iron. Their most special 
application is in the refining of steel at temperatures of 
about 1,600° C., and almost all the work so far carried 
out on the physical chemistry of slags has been in the 
ferrous field. 

Dr. Richardson introduces the subject with a paper on 
“The Constitution and Thermodynamics of Liquid 
Slags,”” and the subject is taken further in a paper by 
Dr. Boekris, Dr. Kitchener and Messrs. Ignatowicz and 
Tomlinson. In this paper on the electrical conductivity 
of molten slags their ionic nature is confirmed beyond 
doubt. 

The rate of carbon removal is one topic discussed by 
Mr. S. Fornander in a paper on “‘ The Behaviour of 
Oxygen in Liquid Steel during the Refining Period in the 
Basic Open Hearth Furnace.”’ He finds that manganese 
in the metal, even at concentrations of less than 3°, does 
not lower the rate of carbon elimination as previously 
thought. The rate of removal is essentially dependent on 
the carbon concentration and on bubble formation on the 
bottom. Dr. P. T. Carter discusses “‘ The Physical 
Chemistry of Sulphur Removal in Steelmaking,” and 
four other papers concern such topics as “‘ The Constitu- 
tion of Phases at High Temperature in relation to their 
Thermodynamic Properties ’* by Dr. Willis. 
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Government Sponsored Research 


Extending Research and Development 


Those who had the opportunity of visiting the National Physical Laboratories recently 

will appreciate the great progress being achieved in research and development work. In 

many fields of activity vast amounts of knowledge is being accummulated and the 

Department of Scientific and Industrial Research has done and is doing much to enable 

this country to attain a high position among the nations of the world. Some aspects of 

developments under the auspices of this Department were given recently by Sir Edward 
Appleton, a brief review of which follows. 


diversity of research and development work carried 

out in Britain have been greatly extended in recent 
years and, as a result, only a very small proportion of 
recent developments in this country owes anything to 
ideas developed abroad. This makes it unnecessary for 
British firms to arrange licensing agreements for the use 
of developments owned by foreign firms ; agreements 
which involve the payment of large fees out of the country 
and also require that all improvements made by British 
licensees become the property of the licensors, which 
prevents British improvements being properly credited 
to their originators. Indeed, the licensee may be called 
upon to pay fees for the use of the improvements he has 
originated. 

The work carried out in recent years, largely of a 
fundamental character, is gradually changing the 
position and in many fields of activity vast amounts of 
knowledge have been built up. enabling us to lead the 
world. Much of this work has been and is being done 
under the auspices of the Department of Scientific and 
Industrial Research and the recent lecture on the above 
subject by Sir Edward Appleton, who recently relin- 
quished his post as Secretary of the Departments, is of 
more than ordinary interest. It was the Annual May 
Lecture of the Institute of Metals which Sir Edward 
delivered at Royal Geographical Society’s headquarters, 
and some of the more important aspects of his lecture 
follow. 


1: is not generally appreciated that the amount and 


Fundamental Research in Universities 


Sir Edward particularly stressed the importance of 
fundamental research in Universities. Industrial re- 
search, he said, draws upon the reserves of scientific 
knowledge gained by the worker in pure science and in 
his opinion it is the first duty of a nation which intends 
to develop science as an aid to industrial progress to 
foster to the utmost fundamental research at the 
Universities. Experience has shown that it is from ideas 
suggested by such work that the really great and revolu- 
tionary industrial advances spring. Little fundamental 
research was done in the war so that it became very 
necessary after the war to replenish our scientific capital. 
The main support for the Universities comes, not from 
D.S.L.R. but from the University Grants Committee, 
but D.S.I.R. is not precluded from supporting special 
items of research of timeliness and promise. He believed 
that the greatest scientific advances had come in recent 
years, at any rate, from small teams working under the 
influence and inspiration of a leader with ideas. It has 
been the aim of D.S.I.R. to see that such men lack 
neither assistance nor equipment, but having decided 
to support them to allow them to get on with their job 
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without any undue interference. In this year’s estimates 
provision for grants to individual workers and for 
the allied service of training of young research workers 
is over £700,000 as against £26,000 in the year before 
the war. A very large part of this sum goes to financing 
the construction of various types of particle accelerators 
for experiments in nuclear physics ; indeed it is expected 
in the long run that this programme of work which is 
being carried out in the Universities of Oxford, Cam- 
bridge, Birmingham, Glasgow and Edinburgh will cost 
at least £1 million in capital expenditure alone. The type 
of apparatus that the physicists require to-day is there- 
fore altogether of a different order to that which was 
required before the war. He did not agree with those 
who feel that the pre-occupation of some of our leading 
physicists with work in this field gives it too strong an 
emphasis. There could be at the present time no more 
fundamental problems than the identification of the 
elementary particles and the investigation of inter- 
nuclear forces, but he could see a danger of a different 
character. This large-scale work has had to be carried 
out by teams, since many hands and many types of 
knowledge are required to work out a plan conceived by 
one brain. He therefore had some doubt whether each 
member of such a team is likely to get the individual 
research training which was possible in much of the 
physical research of yesterday which did not depend on 
the use of these emission machines. 


D.S.1I.R. Grants 


Commenting on the D.S.I.R. policy of grants given to 
individual workers engaged on specific items of research 
judged to be of timeliness and promise, Sir Edward, said, 
it is generally believed, that our research trainees must 
work at a University and that the training is entirely in 
fundamental science. This is not the case. Grants 
may be given by the Department for training in applied 
science, in the methods of industrial research, and even 
for courses in technology. The awards may also be held 
not only at Universities but also at technical colleges, 
D.S.I.R. Establishments, Research Associations, and, 
in fact, any research laboratory or institution approved 
by the Advisory Council, including in special cases 
industrial works. It is hoped that by such awards it will 
be possible to turn out a very valuable type of man 
having a strong scientific background combined with a 
more practical post-graduate training, and that through 
them we shall be able to do something towards meeting 
the demand in industry, so great at the present time, for 
men who can rapidly play their part in the development 
research so many firms are eager to undertake but which 
they have to postpone through lack of suitable staff. 
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Ion-exchange Resins 


Examples of the results of work done at Stations of the 
D.S.I.R. were given by Sir Edward in a brief survey, 
including the discovery of ion-exchange resins. On this 
subject he said, one of the most remarkable results of the 
Department’s work which came from the Chemical 
Research Laboratory was the discovery of what are 
known as ion-exchange resins by Holmes and Adams in 
1934. One class of these substances are synthetic resins 
which are really insoluble organic acids. If, for example, 
a weak solution is passed through a tube containing 
granules of one of these resins the sodium ions in the salt 
are exchanged with the acid group in the resin so that 
what comes out of the tube is weak hydrochloric acid. 
This class of substance acts therefore like the ordinary 
base exchange water softening materials. Holmes and 
Adams prepared other inorganic materials which con- 
tained basic groups so that weak acids passing through 
them came out as water. Thus if ordinary tap water 
was passed through two tubes in series containing two 
varieties of resins what emerges is comparable in purity 
to distilled water. Sea water, for example, treated in 
this way becomes drinkable. After a time, of course, the 
ion exchange resins become exhausted and they 
have to be regenerated like the natural close exchange 
substances, but this can be done quite simply. 

The Department took out world-wide patents for this 
discovery which have proved of considerable value to the 
nation, and the royalties are bringing in a tidy sum in 
dollars each year. 

Hitherto the main application has been to water 
softening for domestic and industrial purposes, but they 
have been applied to the recovery of metals such as copper 
and nickel from solutions and the purification of sugar 
and in the treatment of many trade effluents. They are 
also of use in the preparation of rare metals and the 
products of uranium fission. Altogether it seems likely 
that these materials will play an increasingly important 
part in industrial chemistry in the future. 


The Growth of the Research Associations 

In dealing with the post-war period Sir Edward 
mentioned the remarkable growth of the Research 
Associations. Rather surprisingly, this growth has not 
been looked upon altogether favourably in some quarters 
—not industrial quarters—and the suggestion has been 
made that the money spent on the Associations would 
produce better results if it had been spent by firms in 
their own laboratories. It is difficult to believe that such 
an argument could be put forward seriously. To meet 
this criticism it is only necessary to quote a few figures. 
A subscription of perhaps £250 a year in the case of a 
big firm, or of £25 or even less in the case of a small firm, 
entitled them to participate in research costing many 
thousands a year. How much research could be obtained 
for the same expenditure in a firm’s own laboratories, 
bearing in mind that the survey carried out by the 
Federation of British Industries reveaied that the cost 
of employing a single qualified scientist in properly 
equipped scientific research laboratories worked out at 
about £2,500 a year? Don’t believe, however, that the 
DS.LR. think that the existence of co-operative research 
associations renders it unnecessary for any firm to 
develop its own research organisation to the greatest 
extent it can afford. The two types of effort are entirely 
complementary, but the fact is that a firm which has a 
research department of its own is likely to be a stronger 


supporter of a research association than a firm which has 
not, and. moreover it is better able to get value for its 
subscription because it can use and develop the results 
of co-operative research more easily and can better apply 
them to its own ends. The real strength of the co-opera- 
tive research movement lies in the fact that the things 
which a self-governing research association does are those 
which the industry itself, as represented by the Associa- 
tion’s Council, believe can be better done co-operatively 
than individually. 


Research Associations and Productivity 


It is to the Research Associations, Sir Edward con- 
tinued, that we must look for the greatest contribution 
towards immediate increased productivity. For instance, 
the record output achieved by the cast iron industry of 
34 million tons a year compared with 24 million tons 
pre-war can be largely attributed to the work of its 
Research Association on the improvement of manu- 
facturing processes, as for example the redesign of the 
cupola furnace and to improvements in the end project. 
To the long list of heat resisting and corrosion resisting 
cast irons which have come out of its laboratories must 
also be added the remarkable cast iron of great strength 
known as nodular cast iron. Both the new cupola and the 
new cast iron are earning dollars from the U.S.A. under 
licensing arrangements. 

Quoting an example of co-operative effort between 
Government, two Research Associations and a number of 
industrial firms, Sir Edward said this might well result in 
an extra million tons of steel a year being produced 
from existing open-hearth plant. 

Government factories extracting magnesia from sea- 
water, he said, have succeeded in producing magnesite, 
from which basic refractory bricks, in every way as good 
as those made from imported materials, can be manu- 
factured. Under the stimulus of the British [ron and 
Steel Research Association and the British Ceramics 
Research Association, several open-hearth furnaces of 
“all basic ” construction have been built in steel works 
and are at present giving an increase of 10% of output 
per square foot of hearth. The new bricks, though 
more expensive than those previously used, enable 
furnaces to be driven at higher temperatures and also 
give them a longer life. This makes the introduction of 
a continuous working week possible, and this in turn 
makes the use of the new bricks apparently economic. The 
Research Associations concerned are observing and re- 
porting en the trials for the benefit of the industry as a 
whole. 


Chemical Research Laboratory 


THe Chemical Research Laboratory, D.S.I.R., at 
Teddington, Middlesex, is again holding a series of 
“Open Days” this year. There will be three sessions, 
on June 30th (afternoon), and on July Ist (morning and 
afternoon). 

The Director will be glad to receive applications from 
industrial firms wishing to send representatives until 
June 20th. It is not necessary for those already on the 
invitation list to re-apply. 

The five main branches of research are :—(a) Corrosion 
of Metals ; (b) Organic Chemistry ; (c) Inorganic Chem- 
istry ; (d) Radiochemistry ; and (e) High Polymers and 
Plastics. 
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The Electrolytic Estimation of Cadmium 
from Sulphuric or Perchloric Acid 


Solutions 
By G. H. Osborn, A.R.I.C., A.M.Inst.M.M. 


Chief Analyst, B.D.H. Laboratory Chemicals Group, Poole, Dorset 


The methods at present proposed for the electrolytic deposition of cadmium for analytical purposes 

are reviewed and critically discussed. None of these methods result in an ideal deposit and a modi- 

fication is suggested by which it is possible to obtain quantitative results and a firm bright deposit. 

The method gives complete separation from nickel, zinc and copper. Bismuth, if present, would 
co-deposit, but this is a rare contaminant. 


of cadmium have been proposed, the most 
favoured being that of Treadwell' and Beilstein 
and Jawein®? whereby the cadmium is deposited from a 
sodium hydroxide solution containing potassium cyanide. 
This is quite a useful method but cannot be used if zine 
is present, and since zinc is the most usual contaminant 
in cadmium and its salts, this is a serious objection. 
Paweck*® describes an electrolysis from ammonium 
oxalate solution on a cathode of Wood’s metal whilst 
Brennecke* uses copper-plated lead gauze cathodes and 
a slightly acid solution with controlled voltage as a 
method of separation of cadmium from zinc. In practice 
neither of these methods are simple nor very efficient. 
Davidson,> Medway & Flora® and Smith’ suggested 
electrolysis from a very dilute sulphuric acid solution at 
boiling point but this has not proved very satisfactory 
in the author’s experience. Other suggestions are 
deposition from a hydrochloric acid solution containing 
hydroxylamine hydrochloride® or deposition from an 
acetic acid solution using controlled potential.® 
Sand! effected the separation of cadmium and zine by 
depositing the cadmium from a weak acetic acid solution 
limiting the cathode potential to 1-20 volts negative to a 
mercurous sulphate—2N sulphuric acid reference eiectrode. 
The electrolysis was carried out at room temperature. 
The deposits were somewhat loose and in consequence the 
results not trustworthy for very large quantities of cad- 
mium. The largest amount accurately deposited was0- L5g. 
Nitrate had to be absent as its reduction in acid solution 
prevented the deposition of cadmium. Sand reported 
four analyses of cadmium zine mixtures, the cadmium 
taken being 0-0777 g. and the zine from 0-25-0-49 g. ; 
the cadmium found was 0-0778, 0-0770, 0-0770, 0-0775g. 
At a considerably later date Lassieur" carried out this 
separation in a hydrochloric acid solution neutralised to 
the cerise colour of thymol blue, limiting the cathode 
potential to —0-650 volt toward a normal calomel 
electrode but using a millivoltmeter in series with a high 
resistance rather than a potentiometer. The results on 
mixtures of cadmium and zine and on more complicated 
mixtures, tin, cadmium, and zinc, and antimony, copper, 
lead, tin, cadmium and zinc, the other metals being first 
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removed by deposition from a hydrochloric acid solution 
containing hydroxylammonium chloride, were good, but 
are reported only to the nearest milligram. 

Two other studies of the cadmium from zine separation 
were made about this same time. In the work of 
Engelenburg'* the cadmium was deposited from a 
hydrochloric acid solution containing hydroxylam- 
monium chloride, sufficient hydrochloric acid being 
present to prevent the deposition of the zinc, 10 ml. of 
concentrated acid in 100 ml. of solution. The zine was 
deposited subsequently by reducing the acidity of the 
solution to 1-5 ml. of concentrated hydrochloric acid. 
Four results on the separation of quantities of 0-2 and 
0-3 g. each of cadmium and zine were excellent. In the 
deposition of cadmium the current was simply limited 
to | amp. 

This subject has recently been reviewed by Hammond"* 
who reported three fair separations of cadmium from 
zinc, using an acetic acid solution of pH 3-3 and limiting 
the cathode potential to 3-5 volt negative to a calomel 
reference electrode. It is not stated what particular 
calomel reference electrode was used and certain state- 
ments in the paper recommending that the limiting 
potential be determined by each worker using his own 
particular circuit and apparatus, together with the fact 
that Sand effected the deposition of cadmium from 
essentially this same bath at a cathode potential of 
~1.20 toward a mercurous sulphate-2N sulphuric acid 
electrode, makes it uncertain if Hammond was employing 
a controlled cathode potential method at all. Lf such 
results could be duplicated this would be by far the 
simplest method available. 

Work at Iowa State College™ indicated that the 
separation of cadmium from zine can be made using an 
alkaline-cyanide solution. The results for cadmium, 
however, were invariably high and unfortunately just 
sufficiently erratic to prevent the use of an empirical 
correction. For precise work, therefore, the cadmium 
must be dissolved and converted to the sulphate or the 
pyrophosphate for weighing. 

Treadwell & Guiterman” further suggested electrolysis 
from a solution of sodium bisulphate by which they claim 
separation from zinc is achieved. In spite of all these 
suggested variations, the deposition from sodium 
hydroxide-potassium cyanide medium is by far the 
most widely used. 


12. Engelenburg, Z. Anal. Chem., 62, 277 (1923). 
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14. Crouthamel, Brouns and Diehl, unpublished work. 
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The deposition from dilute sulphuric acid sometimes 
recommended®, *,7 has been carefully investigated by 
the author, and it has been found that almost quantita- 
tive results could be obtained from slightly acid solutions. 
For example, 0-5 g. of cadmium sulphate was dissolved 
in 200 ml. of water and 5 ml. of 5N sulphuric acid added. 
The solution was electrolysed on a platinum copper- 
coated cathode (surface area 60 cm? of mesh 170 cm?) 
at 3 amps for 14 hours, stirring at 1,500 r.p.m., and an 
almost quantitative recovery was obtained. It was 
found to be unnecessary to deposit from a_ boiling 
solution ; equally good results were obtained from 
solutions at room temperatures. The great objection 
to this method is the fact that even under the best 
conditions the deposit is slightly powdery and some can 
be wiped off the cathode with the finger. This is presum- 
ably due to the simultaneous evolution of hydrogen 
which would tend to cause sponginess. Another objec- 
tion to this method is the difficulty of removing the last 
traces of cadmium from solution. A whole series of 
experiments using pure cadmium metal showed that the 
recovery was usually of the order 98-5-99%. It has 
been suggested that to overcome this difficulty after 
the main part of the cadmium has been removed by the 
above electrolytic method and weighed, the solution 
should then be made just alkaline with ammonia, then 
just acid with a drop of sulphuric acid and re-electrolysed 
on a copper-coated cathode. The author is rather 
doubtful of the value of such double procedures, but in 
view of the main objection that the metal is deposited 
in a “ spongy ” form and, therefore, liable to be removed 
mechanically, it was not thought to be worthwhile 
investigating this procedure further. 

During some recent investigations by the author into 
electrolytic methods, it was observed that cadmium 
was deposited as a hard clean deposit from dilute sul- 
phuric or perchloric acid solution, in the presence of a 
small amount of a colloid such as gelatin, and that 
neither nickel nor zinc gave deposition from this medium. 
Accordingly, it was thought that it might be useful to 
carry out experiments on cadmium metal and on a 
range of cadmium salts. Samples of cadmium iodide, 
sulphate, chloride, nitrate, acetate, oxide and hydroxide 
were chosen and treated as under. In all cases where 5N 
sulphuric acid was used, it was prepared from “‘ AnalaR ” 
material, and in the experiments where perchloric acid 
was used, it was “ AnalaR ” 60°,. The instrument used 
was the normal selenium rectifier type with stationary 
electrodes with a glass stirrer driven by an overhead 
motor. The electrodes were platinum with a surface 
area of 60 cm? of mesh 170 per em?. 


Cadmium Metal 


Experiments were made with metal stated to be 
99-9°%-+-in order to determine what was the most 
suitable amount of gelatin to add. It was found that a 
quantity of less than 0-005 g. of gelatin added to 200 ml. 
of the solution to be electrolysed was insufficient to 
secure a good deposit, while quantities of over 0-025 g. 
gelatin in the same bulk, though securing a very good 
deposit, became almost unmanageable owing to frothing, 
despite the addition of a little sec-octy! alcohol. It was 
found that 0-01 g. gelatin in 200 ml. of solution was a 
very suitable amount for securing firm hard deposits of 
good colour. The procedure followed to obtain quantita- 
tive deposits was as follows: A piece of metal weighing 
()-2252 g. was placed in a 250 ml. tall form beaker and 
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dissolved in 2 ml. cone. nitric acid ; 10 ml. of perchloric 
acid were then added and the solution evaporated to 
strong fumes of perchloric acid showing that all the 
nitric acid was removed. The solution was diluted to 
150 ml. with cold water and 50 ml. of water containing 
0-01 g. of gelatin was then added. Electrolysis was then 
carried out at 3 amps on copper-coated platinum 
cathodes, stirring at 1,500 r.p.m. for 14 hours. A firm 
bright deposit was obtained which weighed 0-2250 g. 
No cadmium could be detected in the residual solution 
after an excess of ammonia had been added, followed by 
3 ml. of a saturated sodium sulphide solution. The 
experiments were then repeated using 10 ml. of 5N 
sulphuric acid instead of perchloric acid, and it was 
found that though quantitative results could be obtained 
and though the deposits were firm and could not be 
removed mechanically, the deposit was discoloured, 
being almost coppery in appearance. If frothing occurs 
during electrolysis one or two drops of sec-octyl alcohol 
effectively dispels it without interfering with the 
deposition. 
Cadmium Salts 

Cadmium sulphate 3CdSO, + 8H,O.—0-5 g. was 
weighed into a 250 ml. tall form beaker and dissolved in 
10 ml. of warm water. Ten ml. of 5N sulphuric acid 
was added and the solution diluted to 150 ml., when 
50 ml. of water containing 0-01 g. gelatin was added. 
Electrolysis was carried out at 3 amps for 40 minutes 
using a copper-coated platinum cathode, stirring at 
1,000 r.p.m. A firm hard deposit was obtained, and no 
cadmium could be detected when an excess of ammonium 
hydroxide was added to the solution after electrolysis 
followed by 5 ml. of sodium sulphide saturated solution. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Cadmium nitrate Cd(NO,) 4H,O.—0-5 g. of the salt 
was weighed into a 250 ml. beaker and 10 ml. of 5N 
sulphuric acid added. The solution was warmed until 
strong fumes of nitric acid were given off and the heating 
was continued until all traces of nitric acid were removed. 
It was then diluted to 200 ml. and 50 ml. of water con- 
taining 0-02 g. gelatin was added. Electrolysis was 
then carried out under the usual conditions. In another 
experiment the solution was not fumed so that a small 
amount of nitric acid remained ; under these conditions 
deposition was very slow, and it was found to be impos- 
sible to remove all the cadmium. In a third experiment 
the procedure was carried out as for the successful 
deposition except that just before deposition 5 ml. of 
cone. nitric acid was added. In this case no cadmium 
was deposited even after prolonged electrolysis. Thus 
it is clear that nitric acid and nitrates must be entirely 
removed by fuming with sulphuric acid before proceeding 
with the electrolysis of the cadmium. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 
As with sulphuric acid, it was found to be necessary to 
entirely remove the nitric acid. 

Cadmium Iodide CdI,.—0-5 g. was weighed into a 
250 ml. tall form beaker to which was added 10 ml. of 
5N sulphuric acid. On gently warming, violet fumes of 
iodine were given off and the heating was continued 
until no further fumes of iodine came off. The solution 
was diluted to 150 ml. and 50 ml. of water containing 
0-01 g. gelatin was added. Electrolysis was carried 
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out as in the previous experiment. A very good deposit 
was obtained and no residual cadmium could be detected. 
It was also found that cadmium could be deposited 
from the bromine salt under similar conditions. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Cadmium chloride CdC1, 2-5H,O.—0-5 g. was weighed 
out into a 250 ml. beaker and 10 ml. of 5N sulphuric 
acid added. After some heating, a clear solution was 
obtained and after dilution to 150 ml., 50 ml. of water 
containing 0-01 g. gelatin was added and the electrolysis 
was carried out as usual. A very good deposit was 
obtained and no residual cadmium could be detected. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 mi. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Cadmium acetate (CH,COO), Cd 2H,O.—0-5 g. was 
weighed into a 250 ml. tall form beaker and 10 ml. of 
5N sulphuric acid added. On warming, acetic fumes 
were given off and the heating was continued until no 
further acetic fumes were detectable. The solution was 
then diluted to 150 ml. and 50 ml. of water containing 
0-01 g. gelatin was added and the electrolysis was 
carried out as usual. A very good deposit was obtained 
and no residual cadmium could be detected. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Cadmium oxide CdO.—0-5 g. was weighed into a 
250 ml. tall form beaker and 10 ml. of 5N sulphuric acid 
added. Some heating was necessary before solution 
was obtained. The solution was then diluted to 150 ml. 
and 50 ml. of water containing 0-01 g. gelatin was added 
and the electrolysis was carried out exactly as before. 
As usual a very good deposit was obtained and no residual 
cadmium was observed. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Cadmium hydroxide Cd(OH),.—0-5 g. was weighed out 
and treated exactly as under cadmium oxide, and a 
complete deposition was obtained. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 


Separation of Cadmium and Zinc 


A 0-50 g. portion of cadmium sulphate was weighed 
into a beaker and after the addition of 10 ml. of 5N 
sulphuric acid and dilution to 150 ml., 50 ml. of water 
containing 0-01 g. gelatin was added and the electrolysis 
was carried out as above. A weight of 0-2220 g. cad- 
mium was obtained. In another beaker 0-50 g. of 
cadmium sulphate and 0-50 g. of zine sulphate were 
treated in exactly the same manner. After electrolysis, 
the gain in weight was 0-2216 g. (which is within experi- 
mental error limits), thus showing that no zinc was co- 
deposited. Zinc was recovered in quantitative amount 
by making the residual solution alkaline with sodium 
hydroxide and electrolysing on a copper-coated cathode. 
Thus zine and cadmium can be estimated easily in the 
presence of each other, and this method can be applied 
to alloys and salts containing zinc and cadmium. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 
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No co-deposition of zinc took place from the perchloric 
acid solution. 
Separation of Cadmium and Nickel 

A-0-50 g. portion of cadmium sulphate was weighed 
into a beaker together with 0-50 g. nickel sulphate. 
Ten ml. of water was added followed by 10 ml. of 5N 
sulphuric acid, the solution diluted to 150 ml. and 50 ml. 
of water containing 0-01 g. gelatin was added. Electro- 
lysis was carried out as usual and a weight of 0-2215 g. 
was obtained, which is in good agreement with the 
result found in the previous experiment showing that 
nickel was not co-deposited with the cadmium. The 
residual nickel could be determined by any of the well- 
known methods—e.g., dimethylglyoxime or even by 
electrolysis from a strong hot ammoniacal solution. 

The experiment was repeated using 5 ml. of perchloric 
acid instead of the 10 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 
No co-deposition of nickel took place from the perchloric 
acid solution. 


Separation of Cadmium and Copper 

This separation is easily carried out by removing the 
copper whether from alloy or salt by a preliminary 
electrolysis in nitric acid medium. Copper will be 
quantitatively deposited whilst cadmium will not 
deposit. After removal of the copper, 20 ml. of 5N 
sulphuric acid are added and the solution evaporated 
to sulphuric fumes. On dilution, and the addition of 
the colloid, electrolysis may be carried out as under 
cadmium nitrate. 

The experiment was repeated using 10 ml. of perchloric 
acid instead of the 20 ml. of 5N sulphuric acid and a 
firm hard deposit was obtained which was quantitative. 

Notes 

(a) The use of these small quantities of perchloric acid 
and gelatin appears to involve no risk. Hundreds of 
experiments have been carried out using stronger con- 
centrations and in no case could any risk be observed. 

(b) In no case should less than 3 ml. of perchloric acid 
be present in the 200 ml. of solution to be electrolysed. 
Insufficient acidity gives incomplete deposition. Up 
to 10 ml. of perchloric acid can be present without 
affecting the result. 

(c) Depositions are best carried out at room 
temperature. 

(d) There appears to be very little difference from an 
analytical point of view whether sulphuric or perchloric 
acid was used, but the deposits obtained from the 
perchloric acid solutions were brighter ; those from the 
sulphuric acid were slightly discoloured. There is a 
possible application to plating from a perchloric acid 


solution. 
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Indicator for Small Amounts of Oxygen 
in Reducing Furnace Atmospheres 
By G. W. Raruenav and H. pe Wir 
Philips Research Laboratories, Eindhoven, Netherland 


NNEALING in pure hydrogen is becoming common 
metallurgical practice. For bright annealing, the 
oxygen pressure of the furnace atmosphere must be of 
tle order of magnitude of, or lower than, the oxygen 
pressure of the oxides of the metals involved. When 
bright annealing or brazing stainless steels with relatively 
high chromium content, and especially those containing 
titanium, the tolerable oxygen pressure is of the order 
of atmospheres! at 900° C, 


la 


A small indicator designed to check oxygen 
contents of reducing atmosphere in furnaces. 


= 


Fig. 1. 


In such cases it is desirable to be able to check the 
purity of the protecting gas at several points of the 
system and especially at the inlet and outlet of the 
furnace. To this end we have for some years successfully 
made use of small indicators inserted at several points. 
These indicators (Fig. 1) contain within a glass bulb a 
Cr-Ni-steel strip (18/8 steel, about 50 microns in thick- 
ness) which is electrically heated in the protecting 
atmosphere present at that point. To check the atmos- 
phere the strips are heated for a short time at a suitable 
temperature and inspected after switching off the 
current. If the oxygen pressure of the gas has exceeded 
the oxygen pressure of the chromium oxides at the 
heating temperature chosen, a surface oxidation is 
readily observable. By varying the temperature of 
the strip the absolute value of the oxygen pressure can 
be roughly determined. Oxidised strips are reduced by 
heating for a short time at a high temperature. 

The temperature may be measured by optical 
pyrometry. The strips are placed eccentrically with 
respect to the gas flow to prevent the temperature reading 
in the middle of the strip being influenced markedly by 
the amount of gas passing through the furnace. There- 
fore, the temperature may be simply calibrated against 
the electrical current. 


1 Lustman, B., Metal Progress, November, 1946, p. 850 ; De Domenico, 8. and 
Comstock, J. A., Metal Progress, July, 1947, p. 71. 


The Royal Aeronautical Society 
Charter Scholarship 


THe Royal Aeronautical Society announces that a 
Scholarship to be known as the Royal Aeronautical 
Society Charter Scholarship will be awarded annually 
under the following conditions :— 

The Scholarship shall be awarded annually, or at such 
other times as may be decided by the Council, to assist 
a student wishing to undertake advanced work or study 
in aeronautics. 

A Scholarship or Scholarships up to the value of £300 
a year can be awarded and these scholarships will in the 
first instance be awarded for a period of one year, although 
an extension of the Scholarship for a second year will be 
looked upon favourably by the Council if it is clear that 
the student and the work would benefit by such an 
arrangement. 

Students wishing to apply for the Scholarship shall 
write to the Secretary of the Society not later than 
June Ist (30th this year) stating the course they intend 
to follow, and giving full particulars of their age and the 
results of any examinations taken by them. The Scholar- 
ship will only be awarded to those who can satisfy the 
Council that they have the necessary qualifications to 
benefit, and whose proposals for work or further studies 
are acceptable to the Council. Normally, the work 
should iead to some higher degree or post-graduate 
diploma although this is not essential. 

The Council will select from the applicants those 
whom it considers suitable, and will call such applicants 
for interview in the offices of the Society before such 
Board as may be decided by the Society. The decision 
of the Council on all matters concerned with the award 
of the Scholarship shall be final and binding. 


Europe’s Largest Oil Refinery for 
Britain 

Work has now begun on the construction of Europe's 
largest oil refinery, being built by Anglo-American Oil 
Company Limited, at Fawley, 15 miles south-east of 
Southampton. Announcing this in London recently, 
Mr. David A. Shepard, Chairman of the Company, said 
that the project is an important contribution to the 
programme, outlined in the Government’s Economic 
Survey for 1949, to increase the oil refining capacity of 
the United Kingdom. 

The new refinery will substantially reduce Britain's 
dollar expenditure for petroleum products and thus will 
be of particular significance to the national economy. 
Important savings will result from greatly increased 
shipments of crude petroleum from the Middle East for 
refining at Fawley instead of importing more costiy 
refined products. The output of the new Esso refinery 
will be over 5,000,000 tons a year compared with 800,000 
tons at present. 

This huge plant is expected to cost approximately 
£37 ,500,000 and to take about three years to complete. Li 
will manufacture petrol, kerosene, gas and diesel oils, 
heavy residual fuel oils, asphalts, and smaller quantities 
of special products. It is expected that it will satisfy 
almost entirely the anticipated demand for Esso products 
in the United Kingdom. The site of the new refinery 
covers some 970 acres; and ultimately about 2,500 
people will be employed there as compared with 900 at 
present at the existing refinery. 
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HE Nichols Medal of the New York Section of the American Chemical Society has this year been 

awarded to 1. M. Kolthoff. This is very appropriate, not only because of Kolthoff’s outstanding 
achievements in the field of analytical chemistry, some at least of which are familiar to every chemist 
who keeps in touch with modern advances. But it is also fitting because it reminds us of the present 
re-awakened interest in analytical chemistry, more in evidence, perhaps, in America than here, but 
not without its outward and visible signs in this country also. In his address following the award of 
the medal, Kolthoff brought before his audience a number of points of interest which we have only 
space to mention two at this time. Referring to the passion for instruments, he applies a useful 
corrective. ‘* There is a tendency at present to over emphasise the teaching of the manipulation of 
instruments, called by naive people ‘ instrumentation.’ With due respect to real ‘ instrumentation,’ 
a subject rightfully gaining academic recognition by all : cientists, it must be stated that the further 
development of analytical chemistry is based upon further systematic studies and applications of 
properties of substance, be they chemical, physical or biological.”’ And in his peroration he admonishes 
us to “ continue to cultivate analytical chemistry as a science, both in education and in research.” 
The full-length portrait of a true analytical chemist that emerges from Kolthoff’s address, read as a 

whole, is one which can be recommended to the perusal and reflection of all. 


Group Separations in Inorganic 


Qualitative Analysis 


Part I1I—Miscellaneous Inorganic Reagents 
By Francis R. M. McDonnell and Cecil L. Wilson 


Microchemistry Laboratory, Chemistry Department, The Queen’s University of Belfast 
(Continued from page 64) 


The Use of Ammonia 


Four schemes have been devised which depend to a 
greater or lesser extent on the behaviour of certain 
metallic hydroxides towards ammonia, some being 
insoluble, and others forming stable complexes soluble 
in excess of the reagent. 

Eichler™, in his scheme, shown in Table XI, first 
removes antimony and tin by heating with nitric acid. 
The Group I chlorides are then precipitated. After this 
treatment the solution is divided. In one portion the 
alkaline earths are precipitated as sulphates and the 
alkali metals are also detected. To the second portion 
are added ammonium chloride and ammonium 
hydroxide, precipitating six cations in addition to any 
antimony and tin not removed by the nitric acid treat- 
ment. The filtrate from this ammonia precipitation is 


treated with a slight excess of sodium hydroxide 
precipitating nickel, cobalt, copper and cadmium, and 
traces of magnesium, strontium and barium, while 
leaving arsenic, zinc, lithium and the bulk of the magnes- 
ium, strontium and barium in solution. 

After the removal of tin, antimony, arsenic, phosphate 
and complex cyanides, which interfere, Ebler removes 
silver with hydrochloric acid, and a group of six metals 
with hydroxylamine hydrochloride and ammonia. 
Copper is removed with hydrochloric acid and ammon- 
ium thiocyanate. Finally a group of five metals is 
precipitated by ammonia and ammonium hydrosulphide. 
These steps are detailed in Table XII. The alkaline 
earths and alkali metals remain in solution and are 
detected as usual. Hydroxylamine hydrochloride is used 
in the ammonia precipitation to ensure complete 


14 Eichler, Osterr. Chem.-Ztg., 1936, 39, 185. 
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15 Ebler, Z. anog. Chem., 1905, 48, 61. 
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TABLE XI! 
Heat the substance for analysis with nitric acid 


| 
Filtrate 


Residue 
Add hydrochloric acid 
| 


Sb, Sn 


| 
Filtrate 
Divide in two portions 


Residue 
Pb, Ag, Hg 


| 
Portion 2 
Add ammonia and 
ammonium chloride 


| 
Portion | 
Add sulphuric acid 


Filtrate 
Na, K 


Residue 


| 
Ca, Sr, Ba Filtrate 


Add a slight 
excess of 
sodium 


Dissolve in acid. 
Add sodium hydr- 
oxide and hydrogen 
peroxide or bromine 


| | 
Filtrate Residue Filtrate 
Al, Cr, (Sb), 


(Sn) 


Residue 
Fe, Mn, Bi, Hg 


(Sr), (Ba) 


TABLE Xil 


From the substance for analysis remove Sn, Sb, As, PO,, halogens 
and complex cyanides if present. Add hydrochloric acid. 


| 
Filtrate 
Add hydroxylamine hydrochloride 
and ammonia 


| 
Residue 
Pb, Ag, Hg 


| 
Filtrate 
Add hydrochloric acid till acid, and 


Residue 
Fe, Pb, Bi, Al, Cr, Hg 
ammonium thiocyanate 


| 
Residue 
Cu Add ammonia and ammonium 


| 
Filtrate 
Add ammonium carbonate 


Residue 
Mn, Zn, Cd, Ni, Co 


| 
Filtrate 
Na, K 


Residue 
Ca, Sr, Ba 


separation of iron, and to prevent partial precipitation 
of manganese by oxidation. 

Sacchardi and Giuliani'* also remove Group I as in the 
classical method. The addition of sodium hydroxide 
then precipitates all but nine of the remaining cations 
as shown in Table XIII. The precipitate is sub-divided 
by dissolving in hydrochloric acid and treating with 
ammonia. The sub-groups in this scheme are compli- 
cated, containing cations from several of the classical 
groups. 

Shchigol and Dubinskii!’ precipitate Group I as the 
chlorides, and antimony and tin by evaporation with 
nitric acid. As shown in Table XIV, the filtrate from 
this treatment, on addition of sodium carbonate, 
ammonium chloride and ammonium hydroxide, leaves 


TABLE Xill 
To a solution of the cations add hydrochloric acid 


| 
Filtrate 


Residue 
Add sodium hydroxide 
| 


Pb, Ag, Hg 


| 
Filtrate 
As, Sb, Sn, Pb, Al, 
Zn, Ca, Li, K 


Residue 
Dissolve in hydrochloric acid. 
Add ammonia 
| 


i 
Filtrate 
Treat with hydrazine and 
acetylene 


Residue 
Hg, Bi, Fe, Cr, 


Mn, Ba, Sr 


Resldve Filtrate 
Cu Cd, Ni, Co, Ba, Ca, Mg 


six cations in solution. On treatment of the precipitate 
with sodium peroxide, chromium and aluminium go 
into solution as the sodium salts. By digesting the 
residue with acetic acid and sodium phosphate, the 
alkaline earths and magnesium go into solution, while 
bismuth, iron and manganese are left undissolved. 


TABLE XIV 
To a solution of the cations add hydrochloric acid 


| 
Filtrate 
Add sodium carbonate, ammonium chloride 
and ammonia 


| 
Residue 
Pb, Ag, Hg 


Residue 
Cu, Cd, Hg, Co, Ni, Zn 


Treat with sodium peroxide 


Filtrate 
Cr, Al 


Residue 
Digest with acetic acid 
and sodium phosphate 


Filtrate 
Ba, Ca, Sr, Mg 


Residue 
Bi, Fe, Mn 


Miscellaneous Schemes 


Within the terms of reference of this Part of the review 
may be included three schemes which are difficult to 
classify otherwise. The first, outlined in Table XV, 
which covers a limited number of elements met with in 
the analysis of ferrous alloys, has been put forward by 
Chamot and Mason!8, based on the methods of Moore 
and co-workers.!* 

The analysis of non-ferrous alloys has been investi- 
gated by Whitmore and Schneider.*° The substance to 
be analysed is evaporated with nitric acid, leaving tin, 
antimony, bismuth and arsenic as residue. The filtrate 
is treated with ammonia and ammonium chloride to 
provide a broad separation. Manganese, part of the 
nickel, and cobalt are then removed by boiling with 
hydrogen peroxide. Copper is removed by sodium 
thiosulphate, and zinc, cadmium. magnesium and some 
nickel remain in solution. The scheme, which is shown in 
Table XVI, has been developed to facilitate the use of 
microscopically identifiable crystal forms as confirmatory 
tests for the cations. 


16 Sacchardi and Giuliani, Chim. ind. agr. biol., 1935, 11, 306; Chem, Abs., 


1935, 29, 7855. 
17 Shchigol and Dubinskii, Ann. chim. anal. appl., 1936, 18, 257. 


18 Chamot and Mason, Handbook of Chemical Microscopy, Vol. I1 (Wiley), 1940. 
19 Moore, et. al., Bull. 212, Bureau of Mines, Washington (1923). 
20 Whitmore and Schneider, Jnd. Eng. Chem., Anal. Ed., 1930, 2, 173, 
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TABLE XV 
Dissolve the alloy in sulphuric acid. Allow to stand to reduce 
iron, Dilute and filter. 


Resiliue Filtrate 
Ww, Si, C Add ammonia, avoiding any excess 


Dissolve in least possible (Fe) 
amount of 8N HNO,. Add 
sodium peroxide until 
neutral, then sodium carbon- 
ate. Warm gently. 


esidue Filtrate 
(Fe), Zr, (V), 
(P) 


Evaporate. Add nitric acid till almost 
neutral. Add ammonium carbonate. 


Residue Filtrate 


Al, (P) Acidify with nitric acid. Remove 
carbon dioxide. Add ammonia. 
Acidify. Add lead acetate and 

ammonium acetate. 


Residue 
Mo, (V), As, Cr U 


TABLE XVI 
Evaporate the substance for analysis with concentrated nitric acid, 
till a moist paste is left. Add water and again evaporate to a moist 
paste. Extract with water. 


Residue Filtrate 
Sb, Sn, Bi, As Add ammonia and ammonium chloride 
| 


Residue Filtrate 
Add sodium peroxide Add hydrogen peroxide 
and sodium hydroxide and boil 
| 


| 
Resléue Filtrate 


Residue Fitlote 


Hg, Fe Al, Pb, Cr Mn, Ni, Co Make acid. 
Add sodium 
thiosulphate 
and ammonium 
thiocyanate 
| 
Residue Filtrate 
Cu Zn, Cd, Ni, Mg 


Finally, a scheme due to Macri* is given in Table 
XVII. In this case the cations in hydrochloric acid 
solution are heated with metallic zinc, precipitating a 
group of eleven cations. By heating the filtrate with 
zine acetate, aluminium, iron and chromium are removed 
as acetates. Manganese is then precipitated with 
hydrogen peroxide, and nickel and cobalt by heating 
with zine oxide in the presence of chlorine. This scheme 
lays no claim to efficiency, and has been adversely 
criticised by Sabalitschka.** 


Fusion Methods 
Apart from the methods of Vortmann* and West and 
Smith,** which are considered elsewhere,” at least two 


21 Macri, Boli. Chim. Farm., 1922, 61, 417: B.C.A., 1922, 122, ii, 7 
22 Sabalitschka, Ber. deutsch. pharm. Ges., 1921, 31, 36; B.C.A., teat, 190, ii, 


278. 
23 Vortmann, Z. anal. Chem., 1932, 87, 190. 
24 West and Smith, J. Chem, Edue., 1940, 17, 1 
25 See Part II, Metallurgia, March, "1949, vation IV, in preparation. 
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schemes depending to some extent upon fusion have 
been proposed. Pollard®* fuses the substance for 
analysis with sodium peroxide and vaseline, followed by 
extraction with water, when those cations which form 
soluble sodium salts go into solution, the others remaining 
undissolved. 


TABLE XVII 

Cations in solution treated with hydrochloric acid in a flask fitted 

with a heated gas delivery tube (Marsh apparatus). A rod of zinc 
is added to the flask and the whole heated. 


Residue Filtrate 
Ag, Hg, Pb, Bi, Cu, Heat to boiling with zinc 
Cd, Pt, Au, Sn, Sb, acetate 
As | 
Residue Filtrate 
Al, Fe, Cr Heat with hydrogen per- 


oxide 


Residue Filtrate 
Mn Treat with zinc 
oxide in the 
presence of 
chlorine 


Ni, Co Ca, Sr, Ba, Na, K 


In what is claimed to be a highly efficient method, 
Sacchiro, Nagami and Takio®’ achieve separation by 
fusion of the material to be analysed with various 
combinations of potassium hydroxide, potassium carbon- 
ate and potassium nitrate. Schemes of this nature have 
had a greater application in field analysis than in the 
laboratory, and apart from that of West and Smith® 
are all on a macro basis. 

Of the schemes described in this section it will be 
seen that only a limited number of really original 
methods have been put forward, a large number of the 
schemes being modifications of a few basic procedures. 
Frequently the separations are not clear-cut, cations 
appearing in more than one group precipitate. Since 
many of the precipitates consist of gelatinous hydroxides, 
which are difficult to handle, it is likely that adsorption 
effects will bulk large. Again, many of the separations 
are carried out at high alkalinities, a procedure which, 
according to Cornog,?* cannot in general lead to efficient 
separations. 


26 Pollard, Chem. News, 1908, 98, 211. 
27 Sacchiro, Nagami and Takio, J. Chem. Soc. Japan, 1932, 58, 237. 
28 Cornog, J. Chem. Educ., 1938, 15, 420. 


Honours and Awards 


Mr. REGINALD S. Brown, chief metallurgist of Rylands 
Brothers, Ltd., and the Whitecross Co., Ltd., has been 
awarded the American Wire Association’s Annual Medal 
Award for 1948 for his paper entitled, ‘‘ Wear Resistance 
of Wire for Wire Rope,” which was presented at the 
Association’s Annual Conference in Pittsburgh last year. 
Mr. Gorpon H. A. FIELD, director of research, Alumin- 
ium Laboratories, Ltd., Banbury, has been appointed a 
Commander of the Order of the British Empire (C.B.E.). 
Mr. THomMas HoutMe, superintendent of the British 


Thomson-Houston fabrication factory, has been 
appointed a Member of the Order of the British Empire. 
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Microchemistry Group 


Spring Meeting in Belfast 
TH E Spring meeting of the Microchemistry Group of 
the Society of Public Analysts and Other Analytical 
Chemists was held on Tuesday, 10th May, in conjunction 
with the Belfast and District Sections of the Royal 
Institute of Chemistry, the Chemical Society and the 
Society of Chemical Industry. During the afternoon, 
members toured the Agricultural Chemistry, Micro- 
chemistry and Biochemistry Laboratories of the Queen’s 
University of Belfast. Later in the Agricultural 
Chemistry Lecture Theatre of the University, under the 
Chairmanship of Mr. Ronald Belcher, Chairman of the 
Group, three papers were read, and reported below. 


Paper Chromatography 

QUANTITATIVE INORGANIC PAPER CHROMATOGRAPHY : 
SusB-MickO SEPARATION AND DETERMINATION OF ALU- 
mintuM, IRON AND CHROMIUM: by A. Lacourt, G. 
Sommereyns, E. Degeyndt, J. Baruh and J. Gillard 
(read by C. L. Wilson). A method was described, using 
partition chromatography, for the separation on paper 
of aluminium from iron and titanium. The separation 
could be made more complete by treatment with air 
saturated with water vapour. Amounts of aluminium 
of the order of 10 micrograms could then be eluted and 
determined colorimetrically by aluminon, while similar 
amounts of iron and titanium could be eluted by a 
separate process, and determined colorimetrically in a 
single eluate by the use of tiron. The effect of mixed 
solvents on the partitions, and other general effects were 
discussed. 

Agricultural Problems. 

SoME MICROCHEMICAL PROBLEMS ASSOCIATED WITH 
PLANT AND ANIMAL Nutrition : by 8. McConaghy. The 
elements of interest to the agricultural chemist, and for 
which analytical procedures are required, can be divided 
broadly into the two categories of essential elements 
present in appreciable amounts, and trace elements. 
Deficiencies or excess amounts of these may be of major 
importance 

The problems of analysis arise before the actual 
procedure of analysis takes place, since they may concern 
sampling methods and the possibility of contamination 
in sampling, together with subsequent treatment, such 
as grinding and ashing. 

In the determination of trace elements, where the 
amounts present may range from a few hundred parts 
per million to a few parts per hundred million, instru- 
mental methods of analysis have proved their usefulness. 
In particular, colorimetric, polarographic and spectro- 
graphic techniques have been utilised. Many examples 
of specific cases were quoted. 

Finally, the agricultural chemist is faced with the 
problem of the interpretation of the analytical results 
obtained, and this is by no means straightforward in many 
cases. As an example, the amount of total phosphate 
in a soil may bear no relation to the response of the soil 
to applied phosphate, a factor in which the agricultural 
chemist is vitally interested. 


Determination of Oxygen 
THE Micro-DETERMINATION OF OXYGEN IN ORGANIC 
Compounps BY Repvuction with CaRBon: by W. T. 
Chambers. Until the year 1935, no satisfactory method 
for the micro-determination of oxygen in organic com- 
pounds existed. Since then, two lines of attack on the 
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problem have been developed, hydrogenation and decom- 
position over heated carbon. 

Hydrogenation converts the oxygen to water, which is 
absorbed and weighed. On the micro-scale, the unfavour- 
able conversion factor makes this method unsatisfactory, 
particularly when the percentage of oxygen is low. 

The alternative was first developed as a semi-micro 
method in 1939. The compound is decomposed, and the 
products are passed by means of an inert gas stream over 
carbon heated to 1,000°-1,100°C., converting the 
oxygen to carbon monoxide. This may be oxidised 
catalytically, by iodine pentoxide, to carbon dioxide. If 
this is absorbed and weighed, as was the case in early 
determinations, the conversion factor is much more 
favourable than in the hydrogenation method. Other 
advantages of the method were lack of interference by 
sulphur and halogens, a procedure which was relatively 
easy to handle, and a relatively long life for the materials 
used in the process. 

On reductions to the micro-scale, difficulties were found 
to occur through oxygen impurities in the inert gas 
(nitrogen) used, and also because of the introduction of 
atmospheric oxygen with the sample being analysed. 
Zinnermann quoted analyses, using methods which 
eliminated these difficulties in part, which were within 
0- 2°, of theoretical, although a large blank was recorded. 

Further modifications were introduced by Unter- 
zaucher, and in his improved procedure it was claimed 
that the blank was absolute. When, however, reports 
by other workers using Unterzaucher’s method were 
published, these showed that difficulties in the applica- 
tion of the method, particularly to compounds containing 
small percentages of oxygen, still existed, and could be 
of considerable significance. 

In the latest method using this principle, developed by 
the present author, the vaporised compound is swept by 
pure nitrogen over carbon at 1,100°C. A liquid oxygen 
trap and an alkali purifier are incorporated, and the 
carbon monoxide then passes over iodine pentoxide. 
The iodine liberated is converted to iodate, and this is 
determined iodometrically, giving a six-fold multiplica- 
tion. There are many ways in which high blanks may 
arise, but most of these can be dealt with, and it is now 
possible to get a consistently low blank of 0-06% on a 
5-mg. sample. The method has been applied successfully 
to materials with a very low percentage of oxygen. 


Chemical Engineering Research 
FOLLOWING a suggestion by the Institution of Chemical 
Engineers, the D.S.I.R. has set up a committee to 
investigate chemical engineering research. The Com- 
mittee will survey what work is going on at the moment, 
what further work may be desirable, and recommend 
where and how this might be done. The constitution 
of the Committee is as follows :— 

Mr. H. W. Cremer (Chairman), Past President, 
Institution of Chemical Engineers, Professor T. C. R. 
Fox (Cambridge University), Professor F. H. Garner 
(Birmingham University), Mr. H. Griffiths (British 
Carbo Norit Union), Dr. N. P. Inglis (1.C.I.), Mr. N. 
Neville (British Chemical Plant Manufacturers’ Associa- 
tion), Professor D. M. Newitt (Imperial College of 
Science, London), President of the Institution of 


Chemical Engineers, Mr. J. A. Oriel (Shell Marketing 
and Refining Company), Mr. J. Davidson Pratt (Associa- 
tion of British Chemical Manufacturers), Mr. 8. Robson 
(Consultant, Zine Corporation Group). 
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Alloy Steel Analysis 


Determination of ‘Tungsten, Molybdenum, Vanadium 
A Composite 


MPROVED and more rapid methods 
for the analysis of steel, especially 

in respect to elements of the tungsten 
group, continue to evoke increasing 
interest and research. Of these, 
mention may be made of the use of 
oxinates of tungsten, molybdenum, 
vanadium and iron for purposes of 
analysis, on which a certain amount 
of work had been done before the war 
and continued more recently in 
Switzerland in the Department of 
Inorganic Chemistry, Zurich Univer- 
sity. References to the earlier work 
on oxinates are: H. Goto, Chem. 
Zentr. 1938, II, 1821; R. Berg, 
Z. an, Chem. 76, 199; A. Jilek and 
others, Collect. Trav. Chim. Tchec., 5, 
136, 1933; S. S. Muchina, Chem. 
Zentr., 1939, I, 743, ete. 

The Swiss workers in Zurich Univer- 
sity, Niericker and Treadwell, briefly 
review this and other earlier research 
and describe some of their own (Helv. 
Chim. Acta, 1946, 29, 1472-1483). 
They started with very pure solutions 
of sodium tungstate, ammonium 
molybdate, sodium vanadate, and 
ferric chloride, to which were added 
oxine (8-oxyquinoline) in excess and 
the solution raised to boiling point. 
By this means the corresponding 
oxinates could be obtained. Other- 
wise, if less oxine or a lower tempera- 
ture is used the corresponding acid—- 
tungstic ete.—would be precipitated 
instead of the oxinate. In more detail 
the procedure was as follows: The 
metal salt solution was diluted to 100— 
200 ce. with addition of sodium 
hydroxide to give pH7-3, and then a 
4% oxine solution in 50% alcohol was 
added up to 100%. Only the molybdic 
oxinate separated out, and in order to 
precipitate the others pH was brought 
to 5-5-5 by addition of some 2-n 
acetic acid, and again heated for five 
to ten minutes. For washing out the 
more compact precipitates of molyb- 
denum and tungsten oxinate, after 
filtration, only about 5-10 cc. water 
was needed, but ten times this amount 
for the vanadium oxinate. Precipi- 
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tates were dried to constant weight at 
120°-140° C, and weighed. Results are 
tabulated. And further resuits, using 
0-Ol-m phosphoric acid, are also 
tabulated. Although 8. Ishimaru had 
apparently found that precipitation of 
oxinates was not affected by the 
presence of phosphoric acid, the 
present authors were able to obtain 
complete separation in the presence of 
0-Ol-m phosphoric acid if the solution 
is neutralised to pH = 5. But if 
stronger phosphoric solution was used 
separation was partly or wholly pre- 
vented. 

To convert the oxinates at moderate 
temperature (below 500°C. to avoid 
loss of volatile molybdie oxide) into 
corresponding oxides is fairly simple 
through acid or basic decomposition, 
e.g., with oxalie acid. Taking the case 
of molybdie oxinate as an example of 
the method generally applicable, not 
only to tungsten, vanadium, iron, but 
also to cadmium, gallium and indium 
oxinates: 416 g. of the oxinate were 
mixed in suitable crucible with five 
times that amount of powdered damp 
oxalic acid, and heated for 60 min. at 
150° in vae. A brownish coloured 
oxide was obtained which was heated 
to constant weight at 480°. This 
weight corresponded to theoretical. 
In another method, using ammonia, 
the oxinate was heated for 30 min. at 
330° in a wet ammonia stream, and 
then, for same time at same tempera- 
ure, in an air current. Most of the 
oxine distilled off unchanged, and on 
further heating for 50 min. at 480° 
pure yellow molybdie oxide was 
obtained, 

The authors proceed to describe the 
bromometric titration of these 
oxinates, in warm dilute phosphoric or 
hydrochloric acid for vanadium and 
iron, or in warm concentrated phos- 
phorie acid for molybdenum and 
tungsten. Results are shown in Table 
5 in original. Titration should proceed 
slowly towards the finish, and the 
final figure is always about 1-1 volt. 
whereas initial potential may vary 
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widely, namely, with vanadium it is 
about 0-2, with tungsten 0-65, and 
with molybdenum 0-35 volt. 

Tests were also made with tungsten 
and molybdenum oxinates 
phosphoric solution in the cadmium 
reductor, using a tube of 18 mm. 
inside diameter filled to about 150 mm. 
of its length with fine electrolytic 
cadmium foil. Results are given for 
sodium tungstate and tungstic and 
molybdie oxinates in 0-0l-m solution, 
also for ammonium molybdate solution 
of same strength and molybdic oxinate 
of 0-001-m strength. 

As already stated, the oxinates after 
decomposed in an ammonia current 
were readily converted into corres- 
ponding oxides; and these when 
heated to about 480° may be dissolved 
in warm 2-n sodium hydroxide. The 
molybdiec oxide was also easily soluble 
in concentrated ammonia, whilst those 
of tungsten and vanadium were only 
difficultly soluble. If iron is present 
the solvent used may be phosphoric 
acid with or without some hydro- 
chlorie acid. These solutions could be 
used for further oxine precipitations, 
followed by bromometric titration of 
phosphoric solutions of the filtered 
precipitates. In this way various 
indirect determinations could be used, 
wherein it is desirable to (a) weigh 
total oxinates and total oxides, and (b) 
titrate total oxinates and weigh oxides. 
Some results are given in Table 6 in 
original, using binary mixtures of pure 
tungstates, molybdates, and vanadates. 
These were precipitated as oxinates, 
weighed, decomposed in ammonia, 
converted into oxides at 480° C. and 
again weighed. . Oxinates were re- 
precipitated from caustic soda solution 
of oxides and bromiometrically deter- 
mined, 

Direct determinations were also 
made of (a) vanadium in the presence 
of molybdenum and _ tungsten, (b) 
molybdenum in the presence of tung- 
sten, and (c) tungsten in the presence 
of iron. In regard to this last, the 
authors state that if iron (IIT) be kept 
in solution in a_ weakly alkaline 
tungstate solution by addition of 4 g. 
Seignette salt (Rochelle salt or sodium- 
potassium tartrate) the iron could be 
quantitatively precipitated therefrom 
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Electric Furnaces in Action No.3 


Continuous Walking Beam Electric Furnaces, 
built to specification and installed eighteen 
a ¥ S ig months ago at the Banner Lane Works of 


The Standard Motor Company Ltd., says: 
“*Crownwheels for differential assemblies must Mustwated below ts a typical. G. W. B. 
be very hard, yet not brittle. It is therefore 
essential that the hardening process is carried out 
under conditions which allow of the most precise 
control of atmosphere and materials used. 
During the past eighteen months we have 
employed for this process a number of these 
Continuous Walking Beam Furnaces, built 
to our specification by Messrs. G. W. B. 
Electric Furnaces Ltd. The 
furnaces have in all respects 
come up to expectations, and 
maintenance costs have so far 
been negligible.” 


G. W. B. ELECTRIC FURNACES LTD. 


DIBDALE WORKS, DUDLEY, WORCS. 


Proprietors: GIBBONS BROS. LTD. and WILD-BARFIELD ELECTRIC FURNACES LTD. 
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with oxine (8-oxyquinoline) ; but the 
tartrate present prevents complete 
precipitation of the tungsten oxinate 
when solution is acidulated with acetic 
acid. In order to precipitate the 
tungstate the tartrate must be replaced 
by a milder agent, such as glycerine. 
To a solution of iron chloride and 
alkali tungstate in dilute phosphoric 
acid was added 0-5-2 cc. of glycerine, 
made weakly alkali with some soda 
lye. The iron oxinate was precipitated 
in the cold with 50-100% excess 
aleoholic oxine solution, and heated 
for 15 min. to coagulate precipitate. 
After filtration it was determined in 
the usual way with bromate. Further 
oxine was added to the filtrate and 
the mixture weakly acidulated with 
2-n acetic acid, so that all the tungsten 
as oxinate was precipitated and deter- 
mined as before. Care must be taken 
not to use excess glycerine otherwise 
the iron results are too low. The iron 
oxinate remaining in solution separates 
out with the yellow tungstic oxide 
only after acidulation, causing dark 
discoloration. This residval iron 


oxinate may be readily removed by 
extraction with cold 2-n hydrochloric 
acid and washing with a little water, 
leaving the pure yellow  tungstic 
oxinate. 

Finally the hydrochloric acid method 
is described, and this can only be used 
under strictly limited conditions as to 
temperature and acid strength. At 
too high temperature the tungstic 
oxinate is strongly attacked by the 
acid, whereas cold 1-n acid dissolves 
the iron oxinate too slowly. Separa- 
tion of iron from molybdenum may be 
done by precipitating the oxinate and 
dissolving out the iron oxinate with 
cold 2-n acid, as with the tungstate. 
This method is also applicable with 
other ferrous metals: nickel, cobalt, 
manganese, and chromium. 

Determination of vanadic acid in the 
presence of iron (III)-ion proceeds in 
the same way as with the tungstate by 
the glycerine method. Some results 
are given in Table 8, from which it 
would seem that, if definite concentra- 
tion limits are carefully observed, this 
method is quite satisfactory. 


Electron-Diffraction Instrument 


N instrument which uses a stream of 

electrons to study a layer of metal 
less than a quarter-millionth inch thick 
is aiding engineers of the National 
Advisory Committee for Aeronautics 
in their search for better metals and 
lubricants for jet engines. 

Developed by General Electric’s 
Special Products Division, the electron- 
diffraction instrument is used in 
determining the effects of various 
lubricants and in friction studies of 
polished-metal engine parts. Engineers 
explained that ordinary lubricants 
are not adaptable to high speeds and 
temperatures inherent in jet-engine 
operation, and that new lubricant 
therefore must be developed. Another 
NACA group has been using an 
electron-diffraction instrument in 
attempts to improve high-temperature 
metals. 

With the instrument, engineers can 
detect in a few seconds natural films 
which emanate from the steel itself 
and chemical changes produced on 
the surfaces by lubricants. These 
chemical changes, they said, are not 
visible under a microscope, and 
formerly could not be detected with 
such equipment. By subjecting the 
metal parts to temperatures and speecs 
which simulate actual flight conditions, 


From Mech. Eng., 71, 1949, 418. 
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and then examining the parts with the 
instrument, the researchers have been 
able to identify specific film materials 
normally deposited on the bearings 
when the engine operates. Used to 
study parts which have been worn by 
tests, the device helps engineers 
discover and minimise the causes of 
friction. These instruments also have 
been used to study corrosion, surface 
deposits, paint pigments, inks, and dyes. 

In operation of the instrument, 
electrons are “boiled off” a white- 
hot tungsten filament and focused 
into a beam by a magnetic “lens.” 
For one type of work the beam is then 
passed through a two-millionth-inch- 
thick section of metal and produces 
an image on a fluorescent screen or on 
a piece of ordinary photographic film. 
In other applications of the instrument 
the beam is directed to a metal surface 
at an angle. Tiny projections on the 
surface diffract the electrons and form 
the image. The image produced is 
different for each material, and both 
the surface conditions and crystal 
arrangement of the molecules of metal 
can readily be determined. 

Since electrons will not pass through 
air freely, the chamber in which they 
travel is evacuated to a pressure of 
approximately one eight millionth 
that of normal air pressure. 


Study of the Plasticity 
of Sheet Materials 


By Ya. B. Fridman and A. A. Bat 


[= basic material for experiments 

made to investigate some factors 
influencing plasticity of sheet materials 
was asteel of the following composition : 
0-36% carbon, 1-019 chromium, 
0-97% silicon, 0-96°%, manganese, 
and 0-1% nickel. The steel was in the 
form of rolled sheet 3 mm. thick, oil 
quenched from 880° C ; it was brought 
to a state of high or medium toughness 
by tempering at 200°C. and 550°C, 
respectively. Specimens were cut from 
these sheets for tensile tests and for 
Erichsen tests. For the former, the 
specimens were 300 mm. long and 
were cut out with their major axes 
either along or across the direction of 
rolling. To facilitate the fixing of the 
specimen in the 300-ton hydraulic 
machine used, special flanges were 
welded on. Some of the specimens 
were smooth, whilst others had a 
5-mm. hole drilled centrally. It was 
found that the contraction of the neck 
for smooth specimens cut -in the 
direction of rolling was 1-5 times 
larger for medium-tough than for 
highly tough specimens, the corres- 
ponding figure for those cut across the 
direction of rolling being 2. The 
plasticity of a drilled specimen, cut 
across the direction of rolling, was 
found to be halved on changing the 
tempering temperature from 550° to 
200° C., no such large difference being 
observed for one cut along the direction 
of rolling. For the Erichsen tests, 
smooth specimens, specimens with a 
central hole 1-7 mm. in dia., and 
specimens with a cross-shaped hole 
were used, the maximum depression 
and load at the appearance of the first 
erack being noted in each case. Both 
these quantities were found to decrease 
on changing from smooth to holed 
specimens. A third series of experi- 
ments, consisting of tensile and 
Erichsen tests, was also carried out to 
compare the values of the true elonga- 
tion for uniaxial and biaxial extension 
and showed that this quantity was 
always smaller for the latter case if 
the uniaxial extension occurred along 
the grain of the material, and almost 
always smaller than that obtained for 
specimens cut across the grain. 
Thinner sheet was used for this series, 
which also included some experiment 
on non-ferrous metals. 


From Zavodskaya Laberatoriya, 1948, 14, Dec., 
1462-1469. [In Russian}. Reproduced from 
Jour, 1.8.1., June, 1949. 
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Choice of the Shape of Notch in the 
Notch-toughness Test 
By J. Pomey, A. Cadilhac and R. Coudray 


HE authors present and discuss 
the results of notched-bar impact 

and notched bend tests on a number of 
steels including a 2°, silicon steel and 
seven low-alloy nickel-chromium steels, 
three of which also contained molyb- 
denum, in various conditions of heat- 
treatment. At first the research was 
intended to increase the elastic work 
at the expense of the work of plastic 
deformation in order to cause brittle 
fracture, so that the work measured 
should be related directly to the force 
at ‘‘decohesion.”” To this end, two 
lateral notches were cut, so as to sup- 
press the prior work of plastic deforma- 
tion necessary for the formation of the 
two lateral cavities on the specimen 
which usually precede the start of the 
decohesion fissure and permit the 
development of suitable triaxial 
stresses in the case of malle- 
able alloys. Owing to the suppression 
of this transverse contraction the third 
stress reaches a much higher value all 
along the bottom of the principal 
notch. In order to increase the effect 
of the notch it was found better to 
decrease the radius of the bottom 
rather than to make the notch deeper. 
In the static notched bend tests it was 


Town's Gas-Fired Continuous Billet Furnace 


Heating Billets up to 12 in. square by 6 ft. 0 in. long 


found that the work of rupture could 
be divided into three parts, namely, the 
work of purely plastic deformation, the 
work of purely elastic deformation,and 
the work of tearing ; the two former 
develop simultaneously between the 
elastic limit and the appearance of the 
fissure under maximum load, and the 
two latter ensure the progress of 
fissuration up to fracture. In some 
cases the elastic work may represent 
60-90%, and in other cases the work 
of tearing may amount to 50-66%, of 
the total work. The authors think 
that in brittle fracture the toughness 
is characterised by high values of 
both elastic work and work of tearing. 
In the notched bend test the volume 
taking part in the elastic deformations 
is very much greater and the average 
stresses developed in the mass are 
much smaller, so that the elastic 
modulus may be considered to be 
constant. The supplementary work 
of tearing is necessary whenever the 
elastic work stored at the moment of 
crack formation is insufficient to ensure 
the propagation of the fissure. The 
notched impact test appears to consist 
in the initiation of decohesion followed 
by complete tearing. The apparent 


work of tearing is nil in very hard and 
therefore brittle steels (Martensitic 
structure) and very low in brittle, soft 
steels (overheated ferrite or annealed 
structures with intergranular precipita- 
tion of hard constituents), whereas it 
is very high in tough mild steels (fine 
and regular ferrite) and in longitu- 
dinal test-pieces from quenched and 
tempered special structural _ steels. 
The work of rupture under dynamic 
conditions is almost always much 
greater than the static work ; this is 
believed to be because in the former 
case the elastic deformations have not 
sufficient time to be completed during 
the impact, so that the metal is less 
work-hardened and the work of de- 
cohesion is greater. The French 
standard specimen “ Unifié Francais ” 
seemed to be less able to show up 
brittleness than the Mesnager speci- 
men, even though its notch was deeper 
than that of the latter. The authors 
propose a new type of test-piece which 
they claim develops all the character- 
istics of brittle fracture better than all 
others. The frontal and lateral notches 
are 3 mm. deep and Imm. wide ; the 
section of the bar at the base of the 
notches measures 8 mm. deep by 10mm. 
wide. 


From Societe Francaise de Métallurgie, Oct. 10, 
1947: Rerue de Métallurgie, Mémoires, 1948, 45, 
Nov., 455-467 : Dec., 525-540. Reproduced from 
Jour, I.S1., June, 1949. 
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LF jag ORY nowadays goes as frequently to the rational 
as to the strong. In the purely military field, for 
example, success is now more than ever a matter of timing 
and supply, of getting the right forces to the right place at 
the right time; it presupposes in fact a campaign planned 
carefully in advance and fought to a pre-drawn pattern. 
That’s the way we like to approach a major operation 
of another kind, the building of large rolling mill plant. 
The mill below represents about 3,000 tons of machinery: 
its parts are numbered in thousands; it can take as long 
as two years to design and build. Contracts like that call 
for planning in the military vein — first on a broad 
strategic basis covering the operation as a whole and 
secondly on closer tactical lines by which each of the 
LAYOUT works departments named in the broader plan can 
achieve the objectives set for them. 
Any strategic plan needs room for manceuvre—we get that 
by having in our Sheffield and Glasgow works the largest 
block of manufacturing capacity in Britain engaged in this 
class of engineering. Tactical operations need co-ordina- ON SITE 
tion — we get that by personal generalship, marshalling 
an organisation which year by year is bringing mills 
like this one into the service of industry. 


SHOP 
ERECTION 


Photograph by 
Richard Thomas 


and 
Baldwins Limited 


DAVY AND UNITED 


ENGINEERING COMPANY 
LIMITED, SHEFFIELD. 


Proprietor of DAVY AND UNITED ROLL 
FOUNDRY LIMITED, BILLINGHAM. 
DUNCAN STEWART & COMPANY LIMITED, GLASGOW 
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SHERARDIZING. 
ZINC ALLOY 


RUST PROOFING CO. LTD. 


SHAKESPEARE STREET, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8. 
ALSO AT LONDON & ROCHDALE, 


ALAR has pleasure in announcing the transference of its Dev t 
Office to larger premises. 
From June 3rd, 1949 technical enquiries, etc. should be sent to :— 


3, ALBEMARLE STREET, 
LONDON, W.1. 


i. A Technical Association of Light Alloy Refiners 
iy MEMBER COMPANIES : 
B.K.L. Alloys Ltd. International Alloys Ltd. 
Enfield Rolling Mills (Aluminium) Ltd. T. J. Priestman Ltd. 
The Eyre Smelting Co. Ltd. The Wolverhampton Metal Co. Ltd. 
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GENERAL REFRACTORIES’ 


New 


Front View of Main Building 


RESEARCH LABORATORIES 


WORKSOP, NOTTS 


A new authoritative centre for the co-ordination of the 
research and technical activities of the Genefax Group, 
with adequate facilities for the thorough investigation of 
production problems, the performance of refractories in 
use, improvements in manufacturing techniques, and 
the development of new processes and new refractory 
materials. Equipped and staffed under the direction 
of men who have long served the industry, these “ G.R.” 
Central Laboratories will do much to ensure that British 
Refractories will continue to challenge comparison with 
those of any country in the world. , 


Descriptive Booklet sent on request 


GENERAL REFRACTORIES LIMITED 
Genefax House, Sheffield, 10. Phone : Sheffield 31113 
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made to measure all temperatures up to 2,000°C. when used in 
conjunction with thermo-couples and radiation tubes. 


Th MULTI-POINT PYROMETERS 


TOTALLY ENCLOSED ROTARY SWITCH a 
MULTI-POINT PYROMETERS Type R.S. 17 es 


ETHER MULT|~POINT INDICATOR 
TYPE ME.7 —————— COUPLE C/A 
BIRMINGHAM 


Enables the temperature of any number of points to be 
measured at a distance, quickly and accurately. The 
double pole rotary switch is sealed against dust and 
fumes and can measure up to 20 temperatures on the 


single instrument. 


ETHER LTD. TYBURN ROAD 


ERDINGTON + BIRMINGHAM 


EAST 0276/7 


Send for List No. 937 


Telephone: - 


RGICA 


FERRO ALLOYS 


Specialities— 
FERRO MANGANESE 76/80%Mn ZIRCONIUM ALLOYS 
SILICO MANGANESE 65/75°% Mn, 20/25%Si HIGH NITROGEN FERRO CHROME 
SPECIAL SILICO MANGANESE 70/75%Mn, ** SILCAZ”” ALLOY 
14/20%Si FERRO SILICON BRIQUETTES 
LOW CARBON FERRO MANGANESE SILICO MANGANESE BRIQUETTES 


0-1, 0-2, 0-3% max. 
INTERMEDIATE CARBON FERRO ERRO MANGANESE BRIQUETTES 


MANGANESE 1%, 2%, 3%, max.C | FERRO CHROME BRIQUETTES 
CALCIUM MANGANESE SILICON and CMSZ"” ALLOYS 


120 MOORGATE, LONDON, E.C.2 
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@ ““NICHROME”’ is the Registered Trade Mark of British Driver-Harris NICHROME Quality Has No Equal 
1949 IS THE 50th ANNIVERSARY OF THE DRIVER-HARRIS COMPANY: 


Deut forget your furnace, / 


Here is a PROVED WAY to SAVE FUEL and INCREASE PRODUCTION 


By backing the firebrick in all furnaces, ovens and boiler-settings with KIMOLO Insulating Bricks you can 
minimise heat losses, cut fuel costs and increase furnace life! Furnace temperatures are reached quicker (very 
important in intermittent working) and evenly maintained. 


It is the unique microscopic cellulation of the silica diatoms in moler earth that gives KIMOLO Insulating Bricks 
their great insulating properties. 


Kimolo Insulating Bricks are perfectly uniform in shape and size and have an excellent bonding surface. Crushing 
strength, 20 tons/sq.ft. Squatting temperature, |,235°C. 


Fuel saving is URGENT—Phone SLOane 5127 
Available immediately in 9 in. x 44 in. bricks of and let us quote you NOW for— 


five thicknesses from | in. to 3 in., also 12 in. x 8 in. e 
and 12 in. x 9 in. slabs of six thicknesses from 14 in. DIATOMITE 


43 in. Bevelled and ed sizes al lied. 
to 4} in. Sovelied and tapered sizes suppl INSULATING BRICKS AND SLABS 


CELLACTITE AND BRITISH URALITE LIMITED es 
TERMINAL HOUSE, 52, GROSVENOR GARDENS, LONDON, S.W.|1 WORKS : HIGHAM, KENT j 
Telephone : SLOane 5!27 (4 lines) *Grams : Cellactite, Sowest, London 
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are accurate 


Precision Dimensioning. 
for all mechanical purposes 
thickness. Whatever type of leather washer you require we can supply. Quotations 
Complete range of sizes. against specified requirements a speciality. Remember that Metropolitan 
All types of leather and dressings. Ind trial Leath Gl al vailabl fi a: 
Cup, hat and U washers in a wide for all 
variety of sizes for hydraulic and Hyg ay 
oleo-hydraulic work. 


THE METROPOLITAN LEATHER CO LTD. 


Wellington Works, Queen Street, Great Harwood. Lancs. gua: 


all Classes of and 
Bakelite Moulds and Press Ts 

by the Shorter Process 

al rustproofing (different colours) to 
ening, Capacity 3 tons per week 
Springs. 


“Aluminium Alloys Heat Treated to. ALD. 
Heat Treatment of Alloy Steels up to 10 feet | on 
Heat Treatment of Meehanite Castings, etc. 


AEST. 1918) | 
7 Telephone: 3861 £3862 
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romium 
Briquettes 


Made by the 
original patented process 


are used in the cupola for 
the production of high duty 
chromium irons and ensure 
uniform solution of chrom- 
ium, providing maximum 
security against the formation 
of hard spots. Good recov- 
ery of chromium is obtained, 
enabling accurate estimation 
of final chromium content. 


BRITISH ELECTRO 


METALLURGICAL 
CO. LTD. 


WINCOBANK ° SHEFFIELD 


Phone: Rotherham 4836 Grams: BEMCO, Sheffield 


HE ZINC ALLOY DIE CASTERS ASSOCIATION 
includes all the leading zinc alloy die casters in the U.K. 
The Association and its Members welcome all enquiries 
on the properties, design and application of the castings. 
Problems are submitted anonymously to the experts on 
its Technical Committee whose verdict is impartial. A 
list of publications will be sent on request. Enquiries 
regarding the supply of castings should be sent to 
Members whose names are given below. The Association 
is a non-trading body and is in no way concerned with 
any questions of price. 


FULL MEMBERS Firms mainly engaged in the pro- 
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duction of castings for general sale. 


ALLOY PRESSURE DIE PRO- 
DUCTS LTD., WILLENHALL. 


AVON DIECASTING CO. LTD., 
BIRMINGHAM. 


BIRMINGHAM ALUMINIUM 
CASTING (1903) CO. LTD., 
BIRMINGHAM. 

BRAID ENGINEERING LTD., 
DERBY. 

BRITISH DIE & 
ENG. CO. LTD., LONDO 


NON-FERROUS 
METAL CO. LTD., ENFIELD. 


DIE CASTING MACHINE 
TOOLS LTD., LONDON 


DYSON & oo. (1919) 
LTD., ENFI 


FRY’S LTD., 
LONDON. 


ASSOCIATE MEMBERS 
the production of castings for 


ache WRINGERS LTD., 
LASGOW. 


C-SPHINX PLUG CO. 
LTD., DUNST. 


THOS. ASHWORTH & CO. 
LTD., BURNLEY 


ASSOCIATED BRASSFOUN- 
DERS BIRMINGHAM LTD., 
LONDON. 


W. & T. AVERY LTD., BIR- 
MINGHAM. 


BRITISH THOMSON - HOUS- 
TON CO. LTD., BIRMINGHAM. 


WM. & CO. 
LTD., CARLIS 


EVERED & CO. me SMETH- 
WICK. 


HAWKHEAD, BRAY & SON, 
LTD., HALIFAX 


CHARLES HILL & CO. LTD, 
BIRMINGHAM. 


INGALL PARSONS, CLIVE & 
LTD., BIRMINGHAM. 


KENRICK 
& SONS LTD., WEST BROM- 
WICH. 


LAN-BARLTD.,BIRMINGHAM., 
{osers LUCAS LTD., BIR- 
NGHAM. 


GILLS CASTINGS’ 
BIRMING 


ACKSON, yn & CO. 
TD., WHITEFIELD, nr. 
CHESTER. 


MANCHESTER DIE-CASTING 

CoO. LTD., MANCHESTER. 

METAL CASTINGS LTD., 
WORCESTER. 


PATENT co. 
LTD., LON 


LONDON. 


STREBOR_DIECASTING CO. 
LTD., RADCLIFFE, LANCS. 


WESTERN DIECASTING LTD., 
BRISTOL s. 


AMET ON DIE- 
CASTING = LTD., WOL- 


Firms mainly engaged in 
use in their own products. 
LOUIS MARX & CO. LTD., 
DUDLEY. 

MECCANO LTD., LIVERPOOL. 
METTOY CO. LTD., NORTH- 


3 WORKS 
LTD., MANCHESTER. 


PHILLIPS & CROSS LTD., 
BIRMINGHAM. 


RAWLINGS MANUFACTUR- 
ING CO. LTD., LONDON, 


SHAW FOUNDRY CO., WIL- 
LENHALL, 


STANMORE ENGINEERING 
co, STANMORE, MID- 
DLESEX. 


T.A.L. PEYRLOPMENTS 
LTD., LONDO 


TREMO LTD, 
CARDIFF. 


VONO LTD., TIPTON, 
STAFFS. 

WESTINGHOUSE BRAKE & 
CO. LTD., CHIPPEN- 


WITHERS (WALSALL) LTD., 
WALSALL. 

YALE & TOWNE MANUFAC- 
TURING CO., WILLENHALL 


ZINC ALLOY DIE CASTERS ASSOCIATION 


Lincoln House, Turl Street, Oxford. Telephone Oxford 48088 
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FOR DEPENDABILITY 
& MACHINABILITY 


Handling and separating Iron 
———by Magnet 


For every problem of handling lron—or of 
separating loose iron from liquids or solids 
there is an answer in ‘stan- 
dard’ equipment—or we 
will find it by special design. 


BOND STREET 


BIRMINGHAM !9 


“SEA-CLIFF” Brand 
COPPER, BRASS 


and 


PHOSPHOR BRONZE 


TUBES, SHEETS, 
RODS and WIRE 


LOCOMOTIVE AND CONDENSER TUBES. 
“‘AL-DUR-BRA”’ ALUMINIUM-BRASS CONDENSER TUBES. 
DRAWN PHOSPHOR BRONZE AND GUN METAL RODS. 

CHILL-CAST PHOSPHOR BRONZE BARS. 
ENGRAVING AND GILDING METAL SHEETS AND STRIP. 


SCIENTIFICALLY P RODUCED PHOSPHOR COPPER AND PHOSPHOR TIN. 


Mm LL L ZINC AND OTHER WIRES FOR METAL SPRAYING. 


1 R ON CLIFFORD LTD. BIRMINGHAM 


CASTINGS 


Mid. 2152 Pre-Bch.Ex. 


HALE. HALE timires ountey port Trade 


ESTABLISHED 1767. 


Contractors to Admi- 
ralty, War Office, Air 
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Bolton's Copper Pro- Copper and Copper Alloy manufac- 
d ! ith 

turers, Wire, Sheet, Strip, Strand, 
Standard —specifica- Plates, Bars, Rods, Tubes, Sections, 


other Machined Parts. 
and Foreign Govern- 

ewe Write for Bolton Publication No. 120 
THOMAS BOLTON & SONS LTD. Estab. 1783 


ment requirements. 
HEAD OFFICE: WIDNES, LANCS. TELEPHONE WIDNES 2022. 
London: 168, Regent Street, W.1. "Phone Regent 6427-8-9 


CVS—104 
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Must all the 
machines be 


Kept going? 
Time was when the more operations 
a firm carried out the greater its 
reputation. 
Even if the customer can afford to 
pay for expensive fabrication, 
industry as a whole will suffer in 
the long run. Close limit brass 
extrusions that need minimum 


machining save operations and 


could be much more widely used. 


BRASS & BRONZE 
EXTRUSIONS 


McKECHNIE BROTHERS LTD., 


Metal Works: Rotton Park Street, Birmingham, 16 
Copper Sulphate and Lithopone Works, Widnes, Lancs. 
Branch Offices : London, Leeds, Manchester, 
Newcastle-on-Tyne 


McKECHNIE BROTHERS S.A. (PTY) LTD., 


P.O. Box No. 382, Germiston, South Africa 
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TREATMENT 


} CARBURISING - ANNEALING SALT, CYANIDE & LEAD HARDENING 
One of a 


CALORIZED 
STEEL BOXES POTS 


AS SUPPLIED TO: — Pots 
AIRCRAFT & ENGINEERING WORKS 
FURNACE MAKERS, ETC. 


OTHER MANUFACTURES 
NORMALISING BATHS 
MUFFLES - AIR HEATERS 
PYROMETER SHEATHS 
FURNACE PARTS, Etc. 
Calorized Pressed Steel Write for mena 1301 on 


Heat Treatment Pot and Box 


ON STREET, LONDON, £.C.4__ Tel. CENtral- 3282 


Our newabridged General Cata- 
logue (shortly to be published) 
will contain valuable information 
for solving production and main- 
tenance problems. Maintenance 
and Production Engineers will 
readily appreciate the concise 
descriptions of “COG-WHEEL”’ 
Brand PHOSPHOR-BRONZE 
and other NON-FERROUS 
ALLOYS in Ingots, Solid and 
Cored Sticks, etc., and how they 
can be applied to your individual 
requirements. 


RESERVE YOUR COPY NOW! 


We also jalise in Centrifugal Castings 
and Acid ‘Resisting Alloys, inciuding Monel cnaats 0 


Tie PHOSPHOR BRONZE CO.LTD 


BRADFORD ST., BIRMINGHAM, 5& 
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CASTINGS FOR 
ALL TRADES 


Pressure and Gravity Die- 
Castings in Aluminium and 
Zinc Base Alloys. Sand 
Castings in Aluminium Alloys, 
Gunmetal, Brass, etc. 


_ NOTTINGHAM 
_ Thro’ 500 Years | 


A TRADE 
EXHIBITION 
at 

BROAD MARSH 
NOTTINGHAM 
26th June - 2nd July 
10 a.m. to 9 p.m. 


INDON OFFICE ~CALLARD HOUSE, 74a REGENT STREET, REGent 6170 


Lid case 


VICTORIA ROLLING MILLS ASTON, BIRMINGHAM, 6. 


brass, copper, bronze 


Even the most highly trained hands are useless 
unless they are healthy hands — hands that are 
free from dermatitis. 

Where hands have to handle industrial irritants — 


sand, solvents, moulding and cutting oils—Rozalex 
acts as a barrier against skin troubles. Rozalex, applied 
very easily and unnoticeable when applied, has raised 
output in many a factory, not only by eliminating lost 
time and laid-off workers, but also by eliminating the 
fear of trouble among the workpeople. There is a 
type of Rozalex effective against almost every known 
industrial irritant. Our technical representative is at 
your service. Write to Rozalex Ltd., 10 Norfolk St., 
Manchester 2. 


Specialists in 


linium Tubes, Rods and Stra 
B. GRUNDY & Co. Ltd. 


14, Devonshire Square, London, E.C.2 


‘Phone: BiShopsgate 4547 (2 lines) 
"Grams: ‘Selective-Ave-London”’ 


For Optimum Hardness and Strength 
NITRIDED 


NITRALLOY 


STEEL 
Particulars from 
NITRALLOY LIMITED 


25, TAPTONVILLE ROAD, SHEFFIELD, 10 
Telephone : 60689 Sheffield Telegrams : Nitralloy, ShefMeld 
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MISCELLANEOUS ADVERTISEMENTS 


SITUATIONS VACANT 


SITUATIONS VACANT 


Vacancies advertised are restricted to persons or employments excepted 
| from the provisions of the Control of Engagement Order, 1947. | 


RADUATE METALLURGIST age 25-30 required for 
Development work on Alloy Steel. Experience of high 
temperature testing would be an advantage. Apply stating age, 
experience and salary required to Personnel Officer, the David 
Brown Foundries Company, Penistone, Near Sheffield. 


SSISTANT METALLURGIST with flair for metallography 
required by North of England firm of ferrous and non- 
ferrous founders. Age 22-27. State age, qualifications, experi- 
ence and salary expected. Box No. M.E.13, MeTaLiureta, 
31, King Street West, Manchester, 3. 


unestablished posts in London :— 

. EXPERIMENTAL OFFICER. Applicants should be aged 
28 or over and have experience in fuel technology and boiler 
water control; some experience of steel manufacture and 
casting an advantage. 

. ASSISTANT EXPERIMENTAL OFFICER for chemical 
analysis of ferrous and non-ferrous metals and alloys. 
Applicants must have had practical experience in a works 
laboratory and be conversant with the use of modern 
analytical methods, including the spectroscope. 

3. ASSISTANT EXPERIMENTAL OFFICER for works 
control of metallurgical processes. A knowledge of ferrous 
and non-ferrous metallurgy is essential and applicants 
should have had practical experience in the use of tempera- 
ture measuring equipment, control of moulding sands and 
heat treatment of ferrous and non-ferrous metals and alloys. 
Experience of cold rolling and drawing of non-ferrous metals 
an advantage. 

4. ASSISTANT EXPERIMENTAL OFFICER, with a 
knowledge of physical methods of testing ferrous and non- 
ferrous materials. Experience of high frequency induction 
heating of metals and the application of electronics to the 
control of metallurgical processes desirable. 

Minimum qualification is Higher School Certificate, or 
equivalent, in chemistry or metallurgy ; a higher qualification 
would be an advantage. 

Salary will be assessed on age, qualifications and experience 
within the following ranges :— 

Experimental Officer, £525—£675. 

Assistant Experimental Officer, £230 (at age 18)—£490. 

Rates for women are somewhat lower. 

Write, quoting F.380/49A to Technical and Scientific Register 
(K), York House, Kingsway, London, W.C.2, for application 
forms which must be returned by July 9, 1949. 


MINISTRY OF SUPPLY invites applications for following 
1 


to 


ENRY WIGGIN & CO. LTD., manufacturers of Nickel and 
Nickel Alloy products, have a number of vacancies for 
senior and junior sales representatives at their Head Office and 
Area Offices, assistants in the Technical Service section of the 
Sales Department, and Export Sales Department. All applicants 
must possess a University Science degree or equivalent, and for 
the senior posts must also have had sales experience. Applicants 
for the positions in the Export Sales Department must be able 
to speak French and German fluently. Applicants must be 
British by birth, and not over forty-five years of age. Apply by 
letter to Managing Director, Henry Wiggin & Co. Ltd., Wiggin 
Street, Birmingham, 16. 


UTSIDE TECHNICAL REPRESENTATIVE aged 22-35, 

required by The Morgan Crucible Co., Ltd. Some years’ 
experience of blast furnace operation essential and knowledge of 
chemical plant construction including brickwork an advantage. 
Degree or equivalent in metallurgy or chemical engineering 
preferable. Successful applicant wil! be required to live in North 
or North Midlands to cover northern half of country. Write, 
giving details of age, experience, qualifications and salary 
required to the Staff Manager, Battersea Church Road, 8.W.11. 
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STAFFORDSHIRE EDUCATION COMMITTEE 
COUNTY TECHNICAL COLLEGE, WEDNESBURY. 


PPLICATIONS are invited for the position of full-time 
Lecturer in the Department of Metallurgy. Candidates 
should possess a Degree in Metallurgy or equivalent qualifica- 
tions and ability to offer Chemistry, including Physical Chemistry 
and/or Foundry Work as subsidiary subjects will be an addi- 
tional recommendation. 

Salary will be in accordance with the current Burnham Scale. 
Further particulars and Form of Application may be obtained. 
from the undersigned and should be returned not later than two 
weeks after the appearance of this advertisement. 

The successful candidate will be expected to take up his duties 
on Ist September, 1949. 

J. H. PARKER OXSPRING, 
County Education Offices, Director of Education. 
STAFFORD. 


UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF ENGINEERING. 
PPLICATIONS are invited for the appointment of a Lecturer 
or Assistant Lecturer in Metallurgy. Candidates should 
possess a good University degree and have practical and /or 
research experience. Salary scales: Lecturer, £550-£900 per 
annum ; Assistant Lecturer, £450-£550 per annum. The grade 
of the appointment and the initial salary will be fixed according 
to the qualifications and experience of the selected candidate 
who will be required to take up his duties on the Ist October, 
1949. 
Conditions of Appointment and form of application, which 
should be returned as soon as possible, may be obtained from 


the undersigned. 
H. PICKBOURNE, Registrar. 


MINISTRY OF SUPPLY invites applications for following 
™ unestablished posts in a Factory in Co. Durham :— 


1. EXPERIMENTAL OFFICER for supervision of metal- 
lurgical laboratory, primarily engaged on non-ferrous 
metallurgy interpretation of analyses and initiation, under 
direction, of investigations concerned chiefly with casting, 
hot and cold working of non-ferrous alloys. 


2. ASSISTANT EXPERIMENTAL OFFICER for interpreta- 
tion of analyses and metallurgical investigations concerned 
primarily with casting, hot and cold working of non-ferrous 
alloys. 

Minimum qualification is Higher School Certificate, or 
equivalent in chemistry or metallurgy. A higher qualification is 
desirable. Candidates must have had previous industrial ex- 
perience preferably in non-ferrous work and for Post 1 they 
should be aged 28 or over. 

Salary will be assessed on age, qualifications and experience 
within the following ranges :— 

Experimental Officer, £495—£645. 

Assistant Experimental Officer, £220 (age 18)—£460. 

Rates for women are somewhat lower. 

Write, quoting F.366 /49A, to Technical and Scientific Register, 
(K), York House, Kingsway, London, W.C.2, for application 
forms which must be returned by 6th July, 1949. 


ENERAL MANAGER required for new industrial works in 
South Africa engaged in the production of tools for the 
Mining Industry The appointment calls for a high degree of 
administrative ability and is subject, initially, to a three years 
contract ; it carries responsibility for the production, quaiity 
and process development and technical sales policy. A technical 
background, preferably in the mining sphere is desirable, though 
not essential. A house will be provided at a reasonable rental. 
Salary about £2,500 per annum, according to experience, and 
qualifications. Apply Box MF11, MeTaLiureta, 31, King Street, 
West, Manchester 3. 


ETALLURGIST with practical experience in alumino- 
thermic production of pure metals and ferro alloys. Appli- 
cants should state positions held, qualifications and age. 
Box No. MF9, MetTaiurarta, 31, King Street West, Manchester, 3 
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MISCELLANEOUS ADVERTISEMENTS 


SITUATIONS VACANT—continued 


SITUATIONS VACANT—continued 


ETALLURGIST of degree or L.I.M. standard required for 

interesting work on the welding of aluminium alloys. 
Experience in similar field desirable but not essential. Salary 
depending on experience but ofthe order of £400/£500 per 
annum. Reply stating age, qualifications, experience and salary 
required to the Director, British Welding Research Association. 
29, Park Crescent, London, W.1. 


ASSISTANT required in Technical Publications Section of 

well-known manufacturer of wrought and cast aluminium 
products. Applicants must possess sound technical training in 
engineering and/or metallurgy and have a flair for writing. 
Salary £500 per annum or more according to ability and 
experience. Box. No. MF10, MeTatiuraia, 31, King Street West, 
Manchester, 3. 


INISTRY OF SUPPLY invites applications for a London 

unestablished appointment as Principal Scientific Officer 

for technical administration and organisation of research work in 

physical metallurgy carried out in academic, industrial and 

Government laboratories in connection with aircraft metals and 
alloys. 

Candidates should be over 31, possess a good honours degree, 
or equivalent, in metallurgy or physics and have several 
years’ research experience in physical metallurgy (ferrous and 
non-ferrous). 

Salary £950-£1,250 according to age, qualifications and 
experience, plus F.S.8.U. benefits. Rate for women is somewhat 
lower. 

Write, quoting F.332/49A, to Technical and Scientific Register 
(K), York House, Kingsway, London, W.C.2, for application 
forms which must be returned by June 30, 1949. 


HE DE HAVILLAND ENGINE CO., LTD. require, for the 
Leavesden, Herts., factory, a production process engineer 
capable of accepting responsibility for the control and application 
of heat treatment and metal processing methods to standards 
established by the Central Laboratory. Practical experience 
and technical qualifications are essential. Write giving age and 
fullest details to :—The Personnel Manager, The de Havilland 
Engine Co., Ltd., Stonegrove, Edgware, Middlesex, 


HE BRITISH NON-FERROUS METALS RESEARCH 
ASSOCIATION has vacancies as follows :—RESEARCH 
DEPARTMENT : Metallurgists, physical chemists and physicists 
in investigator and research assistant posts. Applicants must be 
British and possess a good degree or have equivalent qualifications. 
LIAISON DEPARTMENT: Metallurgist for work in the 
application of research results to industrial practice. Applicants 
should have a degree or equivalent qualifications and preferably 
some industrial experience—personality and tact are essential. 
Commencing salaries up to £650 p.a. according to qualifications 
and experience. Apply to The Secretary, British Non-Ferrous 
Metals Research Association, 81-91, Eustons Street, N.W.1. 


. SITUATIONS WANTED 


ELECTRICAL Engineer, 14 years’ practical experience of 

physical metallurgy and application of metals to light 
engineering, with business experience, requires responsible 
executive or technical sales position, Box No. M.C.8, METALLURGIA, 
31, King Street West, Manchester, 3. 


FOR SALE 
LUMINIUM AND ALUMINIUM ALLOY SHEETS, 10-30g. 
Also bars, tubes and sections. Brass strip and rods. Copper, 
sheet and strip. Immediate delivery from stock. Almex, Ltd., 
Imperial Works, Watery Lane, Birmingham, 9. 


ROYAL NAVAL COLLEGE, GREENWICH. 


APPOINTMENT or a LeEcTURER IN THE DEPARTMENT OF 
CHEMISTRY AND METALLURGY. 


PPLICATIONS are invited for appointment to this post at 
the Royal Naval College, Greenwich, London, S.E.10, in 
September, 1949, or as soon after as possible. Candidates should 
have a First or Second class honours degree in Metallurgy or 
equivalent qualifications preferably with practical experience. 
The starting salary will be in the range of £400 to £550, 
according to approved post-graduate experience. Advancement 
to Senior Lecturer (salary range £700 to £900) and to higher posts 
is possible. There will be opportunities for research. The 
appointment carries the benefits of the Federated Superannuation 
Scheme for Universities. Applicants must be British subjects. 
Consideration would be given to the loan for an agreed period of 
serving members of the Scientific Civil Service. Letters of 
application, accompanied by names of three referees and a 
statement of previous experience, should be sent as soon as 
possible to the Director of Studies, R.N. College, Greenwich, 
8.E.10, from whom further particulars may be obtained. 


HEMICAL ENGINEER, designing, as section leader for 

division of Midland engineering company. Work concerns 
mainly chemical treatment, combustion and de-hydration of 
gases. Sound knowledge of fundamental principles essential. 
Excellent opportunity for man of experience and initiative. 
Reply : Box No. MF13, Metattureia, 31, King Street West, 
Manchester, 3. 


IRE METALLURGIST and PROCESS TECHNICIAN 

required with experience in the production of all classes 
of Carbon and Mild Steel Wires. Apply in writing stating age, 
experience and qualifications to the Personnel Officer, The 
English Card Clothing Co., Ltd., Card Clothing House, Lindley, 
Huddersfield. 
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CONTRACT WORK WANTED. 


EAT TREATMENT. Normalising, annealing, hardening, 
and tempering. 50/60 tons per week capacity available in 
central Birmingham at the most up-to-date and modern plant, 
under proper metallurgical supervision. Box No. MF12, 
METALLURGIA, 31, King Street, Manchester, 3. 


MISCELLANEOUS. 


ESTIVAL OF BRITAIN. The Council of Industrial 

Design have opened a 1951 Stock List to which they invite 
manufacturers to send photographs or drawings of their best 
products. Address to : Stock List, Council of Industrial Design, 
Tilbury House, Petty France, London, 8.W.1. 


ALUMINIUM 


AROWICK 2108 
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strength 


with high conductivity 


CADMIUM COPPER 


Information and advice 
on any use of copper and its alloys can be obtained, free of charge or obligation, from the 


COPPER DEVELOPMENT ASSOCIATION 


Kendals Hall, Radlett, Hertfordshire. Radlett 5616 


Airmec Laboratories, Ltd. 

Alar, Ltd. 

Allen, Edgar &O 0, Ltd. 
Armstrong W hitworth «& Co., Ltd. 


Birkett, T. M., & Sons, Ltd. 
Birlec, Ltd. 
Boiton Thos. & Sons, Ltd, ° 
Brayshaw Furnaces & Tools, ‘Ltd. 
British Acheson Electrodes, Ltd. 
British Aluminium Co., L td. 
British Driver Harris Go., Ltd. . 
British Electro-Metallurgical Co., Ld 
British Oxygen Oo., Ltd. 

British Thomson-Houston Co., Ltd. 


OCellactite & British Ltd. 
Clifford, Chas., & Son, Ltd. 
Olimax ‘Molybdenum, Ltd. 


Colorising Corporation Britain Ltd. 


Copper Development Association 
Craven Bros., Ltd. 


Davey & United Engineering Co., Ltd., 


De La Rue Gas Development, Ltd. 
Dowson & Mason Gas Plant Co... 
Dunford & Elliott (Sheffield), Ltd. 
Durrans, James & Sons, Ltd. .. 


Electric Resistance Furnace Co., Ltd. 
Electroflo Meters Oo., Ltd. ad 
Klectromagnets, Ltd. 

Emery Bros., Ltd. 

Ether, Ltd. 


Expert Tool & Case hardening Co., Ltd. || 


Engineering & Marine Exhibition 


66 


PAGE 


Index to Advertisers 


PAGE 
General Electrical Co. Ltd. 29 & 32 
General Metallurgical & Chemical o., “Ltd. 56 
General Refractories, 55 
G.W.B. Electric amen Ltd. . 52a 
Gibbons Bros., Ltd. 34 
Grundy, B., « Co., Ltd. 63 
Hale & Hale, Ltd.. 60 
Halesowen Steel Co., Ltd. . 25 
Hallamshire Steel & File Co., , Ltd. 5 
Harper, John & Co., Ltd. .. 46 
High Duty Alloys, Ltd, 19 
Holroyd, John & Co., Ltd. .. “Back Cover 
Hughes, F. A., & Co., Ltd. .. 16 
Humphreys & Glasgow, Ltd. 31 
1.0.1., Ltd. (Alkali) 4 


L.C.1., Ltd. (Cassel) ae 
Incandesce! nt Heat Co., Ltd. 
Integra Co., Ltd. 


J.L.S. Engineering Co., Ltd. 


Kasenit, Ltd. 
Keeton, Sons, & Co., Ltd. 
Kent Alloys, Ltd. 


Loewy Engineering Co., Ltd. 


ese Bronze & Brass Co., Ltd. 
Marshall, Thomas & Oo., Ltd. .. 
Mc Kee! hnie, Bros., Ltd. 
Metropolitan Leather Ltd. 
Mills, James, Exors of . oe 
Ministry of Fuel .. 

Mond Nickel Co., Ltd. . 


13 
Inside Back Cover 


58 
Front Cover 
26 

20 


PAGE 

63 
Phosphor Bronze Co., Ltd. . . 62 
Priestman, J. T., Ltd. .. 43 
Renfrew Ltd. 9 
Rockweld, Ltd. . 23 
Rozalex, Ltd. 63 
Sanderson Bros., & Newbould, Ltd. . . 45 
Slough Metals, Ltd. 63 
38 


Smethwick Drop- “Forgings, Lta. 
Stein, J. G., Ltd. .. oe 


Thermal Syndicate, Ltd. . 

Thermic Equipment «& Engineering ( Co., Ltd. 
Thomas & Baldwins, Ltd. .. 

T.I. Aluminium, Ltd. 


United Steel Co., Ltd. 
Universal Aluminium Coy Ltd. 
Universal Engineering ‘ 


Ward, Thos., W., Ltd. 
Ww ellman ‘Owen Engineering Corp. “Lita. 


Zine Alloy Die Casters Association 
Zine Alloy Rust-Proofing Co., Ltd. 


METALLURGIA, June, 1949 


Inside Front Cover 


10 
52 


. 
‘ 
8 
6 
36 
ae 40 
ee 35 
= 


HEAT TREATMENT 
PLANT FOR FORGINGS 


Illustrated above is a general view of the complete electrically-heated, 
continuous heat-treatment plant for forgings, installed at the Bromsgrove 
works of Messrs. John Garrington & Sons, Ltd. 
The plant consists of the following units :— 
A Continuous Normalising and Annealing furnace ; a Continuous Hardening 
furnace with oil quench tank, oil cooler, circulating pumps and discharge 
conveyor ; a Continuous Tempering and Normalising furnace. 
The Hardening furnace discharges direct into the oil quench tank and com- 
nents are automatically removed by the continuous discharge conveyor. 
his installation, the largest of its type in Europe, deals with 3 tons of forgings 
eA hour, and has a total connected rating of 1,300 KW, 
ach furnace conveyor is of the cast nickel-chromium link-belt type, as shown 
inset. Combining lightness of construction with high strength and maximum 
flexibility, the belt forms 2 a flat hearth on to which small or large forgings may 
be directly loaded. 
The plant is one of many types designed by Metalectric to meet specific 
requirements, 


METALECTRIC rurnaces 


é 


SMETHWICK— 
BIRMINGHAM 


London Office : 16 GROSVENOR PLACE, LONDON, S.W.l. Telephone SLOANE 7803/9818 - 
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SpPumceast.... 


Development to the last degree of modernity is not achieved without the 
accompaniment of the very latest plant. 

SPUNCAST HOLFOS (Reg’d) BRONZE possesses the recognised unique properties 
associated with the centrifugal process _ brought about by a development of that 
process adapted to cored bars. 

s, No sand is employed in the manufacture of SPUNCAST HOLFOS (Reg’d) BRONZE 
cored bars, which are chilled internally as well as externally; the result being a i 
trouble-free material of the highest quality— concentric and accurate—facilitating - 
the work of the machinist and reducing machining allowances tc a minimum. ‘ 


JOHN HOLROYD € CO LTD ROCHDALE: LANES: 
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